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FOREWORD 


This  Final  Report,  "Inhalation  Toxicity  of  Single  Materials  and 
Mixtures:  Phase  IV  -  Thirteen-Week  Inhalation  Toxicity  Study  with 
Aerosol  Mixtures  of  Fog  oil  and  Graphite  Particles  in  F344/N  Male 
Rats,"  describes  a  study  conducted  by  the  Life  Sciences  Research 
Department  of  IIT  Research  Institute  (IITRI)  for  the  U.S.  Army 
Medical  Research  and  Development  Command  under  Contract  No.  DAMD17- 
89-C-9043  (IITRI  Project  L06234).  The  report  covers  activities  for 
the  period  of  September  1991  through  February  1992.  This  Final 
Report,  originally  submitted  as  a  Draft  Final  Report  on  July  14, 
1992,  was  accepted  without  changes  by  the  Research  Data  Management 
Division  of  the  U.S.  Army  Medical  Research  and  Development  Command 
according  to  a  letter  dated  December  2,  1992.  Due  to  GLP  regula¬ 
tions,  all  signatures  within  the  report  are  dated  after  this 
acceptance  date. 

Dr.  Jack  Dacre  was  the  Contracting  Officer's  Technical  Representa¬ 
tive.  Catherine  Aranyi,  Principal  Investigator,  was  in  charge  of 
the  overall  conduct  and  coordination  of  the  program.  Dr.  Narayanan 
Rajendran,  Aerosol  Scientist,  Co-Investigator,  and  Stanley  Vana, 
Inhalation  Engineer,  were  in  charge  of  the  test  atmosphere  genera¬ 
tion  and  monitoring  system  and  the  conduct  of  the  aerosol  expo¬ 
sures.  Dr.  John  Drummond,  Inhalation  Toxicologist,  was  in  charge 
of  toxicology  operations.  As  Study  Director,  Jeannie  Bradof  was 
responsible  for  the  overall  conduct  of  the  study.  Dr.  Robert 
Gibbons,  Consultant  Biostatistician,  provided  the  statistical  de¬ 
sign  and  the  overall  statistical  evaluation  of  the  study.  In  addi¬ 
tion,  the  following  individuals  were  in  charge  of  various  study 
areas  and  contributed  to  this  report:  Dr.  Barry  Levine,  Consult¬ 
ant,  and  Mary  Ann  Cahill  -  clinical  pathology;  Dr.  M.  Tomlinson  - 
histopathology ;  Dr.  Robert  Sherwood  -  pulmonary  lavage;  Dr.  Jeffrey 
Tapper,  Consultant  -  pulmonary  physiology. 

Because  this  is  the  Final  Report  for  this  contract,  summary 
descriptions  of  the  previously  submitted  reports  on  Phase  I,  II  and 
III  studies  have  been  included  in  the  "Background"  section  to  bring 
the  reader  up  to  date. 

This  report  is  organized  in  two  parts  in  order  to  aid  the  reader  in 
locating  and  reviewing  principal  subject  areas.  Part  One,  "Experi¬ 
mental  Program,"  summarizes  the  design,  conduct  and  results  of  the 
experimental  phase?',  or  the  program.  Appendices  to  Part  One  include 
experimental  data  tables,  the  pathology  report  and  the  study  proto¬ 
col  in  toto.  The  statistical  report  is  presented  in  Part  Two  and 
consists  of  a  list  of  the  significant  results  followed  by  a  more 
detailed  discussion  for  each  of  the  various  subject  areas  (body 
weight  gains;  food  consumption;  lung/body  weight  ratios;  clinical 
chemistry;  hematology;  hematology  differential  counts;  pulmonary 
lavage;  pulmonary  function)  included. 
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Catherine  Aranyi ,  Principal  Investigator 
Manager  of  Research 
Head,  Inhalation  Toxicology  Program 
Life  Sciences  Department 
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DISCLAIMER-FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army. 


CA  Where  copyrighted  material  is  quoted,  permission  has  been 
obtained  to  use  such  material. 


NA  Where  material  from  documents  designated  for  limited 
distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 


CA  Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  the  Army 
endorsement  or  approval  of  the  products  or  service  of  unese 
organizations . 


CA  In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals," 
prepared  by  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of 
the  Institute  of  Laboratory  Animal  Resources,  National  Research 
Council  (NIH  Publication  No.  86-23,  Revised  1985). 


NA  For  the  protection  of  human  subjects,  the  investigator (s) 
have  adhered  to  policies  of  applicable  Federal  Law  45CFR46. 


NA  In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 


Catherine  Aranyi,  PI 
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GLP  COMPLIANCE  STATEMENT 


This  study  was  conducted  in  accordance  with  U.S.  Environmental 
Protection  Agency  (EPA)  Good  Laboratory  Practice  (GLP)  Standards  as 
set  forth  in  the  Code  of  Federal  Regulations  (Part  792  of  Title  40; 
TSCA) ,  except  that  all  chemical  analyses  pertaining  to  the 
characterization,  stability  and  homogeneity  of  the  bulk  test 
article  and  attendant  documentation  were  the  responsibility  of  the 
Sponsor.  There  were  no  significant  deviations  from  the  afore¬ 
mentioned  GLP  standards  that  would  have  affected  the  integrity  of 
the  study  or  the  interpretation  of  the  test  results.  The  raw  data 
have  been  reviewed,  and  the  information  contained  in  this  report  is 
an  accurate  representation  of  the  data  within  the  context  of  the 
study  design  and  evaluation  criteria.  All  raw  data  obtained  at 
IITRI  will  be  maintained  in  the  IITRI  archives. 


Study  Director: 


innie  Bradof 
Research  Toxicologistl 
Life  Sciences  Department 
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EXECUTIVE  SUMMARY 


This  study  investigated  the  potential  inhalation  hazard  of 
obscurant  materials  to  which  military  personnel  may  be  exposed 
during  field  operations.  The  objective  was  to  evaluate  the 
potential  toxicity  of  aerosol  mixtures  by  exposing  rats  in  whole- 
body  inhalation  chambers  under  simulated  field  conditions.  This 
study  describes  the  effects  of  a  13-week  exposure  of  F344/N  male 
rats  conducted  4  hr/day,  4  days/week  to  mixtures  of  aerosols  of  a 
fog  oil  (petroleum-based  liquid,  or  PEL)  and  a  solid  particulate 
(graphite)  on  selected  biologic  end  points.  The  experimental 
design  included  five  groups.  Four  groups  were  exposed  to  various 
graphite/PBL  aerosol  mixtures  and  the  fifth  group  was  a  filtered 
air  control.  The  four  aerosol  mixtures  tested  consisted  of  the 
following  combinations: 


PEL,  mg/m^ 


Graphite,  ma/m^ 


250 

100 

500 

100 

500 

200 

1000 

200 

The  rats  were  exposed  in  five  one-cubic-meter  inhalation  chambers 
in  a  study-dedicated  inhalation  exposure  facility.  All  animals 
were  monitored  for  in-life  clinical  signs  and  body  weights  and,  in 
selected  groups,  for  food  consumption.  In  addition,  biologic  end 
points  including  lung/body  weight  ratios,  clinical  pathology, 
histopathology ,  pulmonary  lavage  parameters,  and  pulmonary  function 
were  evaluated  in  animals  sacrificed  within  24  hr  after  the  last 
exposure  and  after  a  6-week  recovery  period. 

Aerosols  of  the  graphite  powder  were  generated  with  a  pneumatic 
dispersion  method,  and  those  of  the  PEL  with  an  evaporation- 
condensation  system.  The  generators  were  provided  by  the 
Government.  The  graphite  aerosol  generator  consisted  of  a  screw 
feeder  to  meter  the  test  material  and  a  jet  mill  to  aerosolize  it. 
In  the  fog  oil  aerosol  generator,  PEL  supplied  by  a  metering  pump 
was  evaporated  by  an  immersion  heater,  and  the  vapors  were 
condensed  to  form  the  PEL  aerosol.  Aerosol  mass  concentrations 
were  measured  using  gravimetric  filters  collected  once  per  exposure 
hour.  In  addition,  to  maintain  control  over  potential 
concentration  excursions,  variations  in  generator  aerosol  output 
were  monitored  continously  by  real-time  aerosol  photosensors. 
Selected  filter-collected  aerosol  samples  were  analyzed  chemically 
by  gas  chromatography  (GC)  to  determine  the  quantity  of  PEL  and  its 
contribution  to  the  total  aerosol  mass  loading  in  the  PBL/graphite 
aerosol  mixtures. 

The  overall  mean  aerosol  concentrations  for  the  study  ranged  from 
100  to  101%  of  the  target  levels,  with  %  Relative  Standard 
Deviations  (%RSDs)  ranging  from  3.10  to  3.94%.  The  daily  variation 
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in  aerosol  concentration  (daily  %RSD)  in  all  chambers  was  generally 
below  10%.  PEL  aerosol  concentrations  determined  by  GC  analysis 
were  consistent  with  gravimetric  determinations.  The  calculated 
graphite  concentrations  in  the  aerosol  mixtures,  obtained  by 
subtracting  the  chemically  analyzed  PEL  concentrations  from  the 
gravimetrically  determined  total  aerosol  concentrations,  were  also 
on  target.  Mass  Median  Aerodynamic  Diameter  (MMAD)  of  each  test 
aerosol  mixture  was  well  within  the  respirable  range.  The  mean 
MMAD  ranged  from  0.40  to  0.69  /Lim.  These  monitoring  data 
demonstrated  that  the  difficult  and  complex  task  of  maintaining 
good  control  over  the  exposure  concentrations  of  the  individual 
components  in  the  PBL/graphite  aerosol  mixtures  was  successfully 
accomplished. 

A  multivariate  analysis  of  variance  model  was  used  in  the  analysis 
of  the  clinical  chemistry,  hematology,  hematology  differential 
counts,  pulmonary  lavage  and  pulmonary  function  measurements.  Body 
weight  gains  and  food  consumption  were  analyzed  using  multivariate 
analysis  of  variance  for  repeated  measures.  Lung/body  weight 
ratios  were  analyzed  by  univariate  analysis  of  variance.  In  an 
effort  to  better  approximate  the  assumed  normality  of  the 
statistical  models,  the  data  were  log  transformed  before  analysis. 
The  statistical  design,  methods  and  overall  statistical  evaluation 
for  the  study  are  presented  in  Part  Two  of  this  report  entitled; 
"Statistical  Overview  of  the  Results." 

There  were  no  mortalities  during  the  study,  and  clinical 
observations  provided  no  evidence  of  any  exposure-related  toxicity 
during  either  the  exposure  or  recovery  periods.  Exposure  to  the 
various  aerosol  mixtures  for  13  weeks  had  no  apparent  deleterious 
effect  on  body  weight  gain.  The  body  weight  gains  of  rats  exposed 
to  the  500  mg/m^  PEL/ 100  mg/m^  graphite  aerosol  mixture  were 
significantly  greater  than  those  of  the  control  animals  during  the 
exposure  period,  but  this  finding  was  considered  to  be  of  no 
toxicologic  significance.  Similarly,  there  were  no  significant 
differences  in  food  consumption  between  groups  exposed  to  the 
aerosol  mixtures  and  the  control  group  during  the  exposure  period. 
However,  during  the  recovery  oeriod  the  food  consumption  of  all 
aerosol-exposed  groups  was  significantly  greater  than  that  of  the 
controls.  The  biologic  significance  of  the  increased  food 
consumption  was  not  clear. 

Lung/body  weight  ratios  were  significantly  increased  in  rats  from 
all  groups  exposed  to  the  PBL/graphite  aerosol  mixtures  at  the  end 
of  the  13-week  exposure  period.  There  was  no  evidence  of  recovery 
as  similar  increases  were  also  seen  in  aerosol-exposed  rats  after 
the  6-week  recovery  period.  The  lung/body  weight  ratios  tended  to 
be  increased  in  a  dose-related  fashion  in  both  the  post-exposure 
and  recovery  group  rats. 

Changes  in  clinical  pathology  parameters  included  slight  decreases 
in  serum  total  protein  and  cholesterol  levels  at  the  end  of  the 
13-week  exposure  period  in  animals  exposed  to  aerosol  mixtures  of 
200  rog/m^  graphite  in  combination  with  500  or  1000  mg/m^  PEL,  but 
not  at  the  end  of  the  recovery  period.  Histopathologic  changes  in 
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the  liver,  however,  were  not  in  evidence.  Exposure-related 
neutrocytosis  was  noted  for  the  1000  mg/m’  PEL/ 200  mg/m’  graphite 
group  at  the  end  of  the  exposures  and  for  all  exposure  levels  at 
the  end  of  the  recovery  period. 

Histopathologic  evaluation  demonstrated  that  exposure  of  animals  to 
PBL/graphite  aerosol  mixtures  was  associated  with  reversible 
hyperplasia  of  goblet  cells  in  the  respiratory  epithelium  of  the 
nose.  Aerosol-exposed  animals  also  developed  hyperplasia  of 
epithelium  in  the  lung  and  hyperplasia  of  lymphoid  tissue  in  the 
lung  and  draining  lymph  nodes.  These  changes  did  not  resolve 
during  the  recovery  period.  Hyaline  droplet  formation  in  the 
proximal  convoluted  tubule  of  the  kidney  was  exacerbated  by 
exposure  to  the  PBL/graphite  aerosol  mixtures,  but  had  decreased  to 
post-exposure  filtered  air  control  levels  by  the  end  of  the 
recovery  period.  These  were  all  considered  exposure-related 
changes. 

Pulmonary  lavage  of  rats  exposed  for  13  weeks  to  PBL/graphite 
aerosol  mixtures  demonstrated  a  mild  pulmonary  inflammatory  lesion 
which  failed  to  resolve  after  the  6-week  recovery  period. 
Pulmonary  lavage  fluids  of  rats  sacrificed  following  13  weeks  of 
exposure  to  all  exposure  concentrations  of  PBL/granhite  aerosol 
mixtures  had  slight,  but  significant  increases  in  numbers  of  cells 
and  protein  concentrations  as  compared  to  controls.  Lavage  fluids 
from  rats  exposed  to  500  mg/m’  PEL/ 200  mg/m’  graphite  had  an 
increased  percentage  of  neutrophils. 

Animals  sacrificed  following  the  6-week  recovery  period  after 
13  weeks  of  exposure  to  PBL/graphite  aerosol  mixtures  failed  to 
exhibit  recovery  of  the  pulmonary  lavage  parameters.  Total  number 
of  cells  decreased  slightly  from  the  values  observed  immediately 
following  exposure,  but  remained  significantly  higher  than  control 
values  in  rats  exposed  to  PBL  and  graphite.  Lavage  flu  d  protein 
concentrations  remained  significantly  elevated  compared  to 
controls.  Percentage  of  neutrophils  in  the  lung  increased  over 
time,  indicating  that  although  the  lesion  was  relatively  mild 
immediately  after  exposure,  it  was  not  resolving  following  the 
recovery  period. 

Pulmonary  function  tests  of  pressure-volume,  flow-volume  and  gas 
dilution  were  performed  both  immediately  post  exposure  and  alter  a 
6-week  recovery  period.  Several  parameters  were  obtained  from  each 
of  these  three  tests.  Every  test  showed  one  or  more  parameters 
that  were  significantly  affected  by  the  exposures.  Static  lung 
volumes  were  significantly  reduced  and  a  trend  toward  decreased 
diffusing  capacity  was  detected;  both  measurements  indicate  a 
stiffer  and  thickened  lung.  Compliance,  obtained  from  the 
pressure-volume  curve  was  reduced,  revealing  that  more  pressure  was 
required  to  expand  the  lung  than  normal.  Finally,  lung  volumes 
were  reduced  during  the  latter  portion  of  the  flow-volume  curve 
without  a  reduction  in  air  flow.  Overall,  the  tests  indicate  that 
all  of  the  exposure  regimens  caused  a  mild  restrictive  lesion  that 
showed  some  sign  of  resolution  during  the  recovery  period. 
Ho. ever,  in  the  group  exposed  to  the  highest  combination  of  the 
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PBL/graphite  aerosol  mixtures  (1000/200  mg/m^) ,  regression  of  the 
lesion  was  not  observed  after  the  recovery  period  and  the  lesion 
showed  signs  of  small  airway  restriction  that  may  also  have  caused  \ 

peripheral  obstruction. 
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INTRODUCTION  AND  OBJECTIVES 


These  studies  were  sponsored  by  the  U.S.  Army  Medical  Research 
and  Development  Command  to  investigate  the  potential 
inhalation  hazard  of  two  materials  employed  as  obscurants  to 
which  military  personnel  may  be  exposed  during  field 
operations  for  short  daily  durations  repeated  over  irregular 
periods  for  a  number  of  weeks.  The  overall  objective  was  to 
evaluate  the  toxicity  of  aerosols  and  mixtures  of  aerosols  by 
exposing  laboratory  rats  in  inhalation  chambers  under 
simulated  field  conditions.  This  program  required  evaluation 
of  the  potential  inhalation  hazards  of  aerosols  of  a  solid 
particulate  material  (graphite)  and  mixtures  of  this  solid 
particulate  aerosol  with  aerosols  of  fog  oil,  a  petroleum- 
based  liquid  (PBL) . 

The  test  atmosphere  generation  and  monitoring  methods  were 
established  in  Phase  I  and  the  subsequent  4-week  study  of 
Phase  II  evaluated  the  interaction  of  concentration,  duration 
and  frequency  of  exposure  on  selected  biologic  end  points. 
Based  on  the  statistical  evaluation  of  the  results  of  Phase 
II,  a  single  daily  duration  and  weekly  frequency  and  the  most 
sensitive  biologic  end  points  were  selected  for  the  Phase  III 
4-week  exposures.  The  objective  of  the  13 -week  subchronic 
inhalation  toxicity  study  conducted  with  male  F344/N  rats  was 
to  determine  the  effects  of  longer-term  exposure  to  the 
aerosol  mixtures  of  fog  oil  and  graphite  particles  and  the 
reversibility  of  observed  toxic  effects  after  a  6-week 
recovery  period. 

The  experimental  design  included  five  groups.  The  PBL  aerosol 
was  used  at  three  concentrations  (250,  500,  and  1000  mg/m^) 
and  the  graphite  aerosol  at  two  concentrations  (100  and 
200  g/m^)  .  The  four  aerosol  mixtures  tested  consisted  of  the 
following  combinations:  250  or  500  mg/m^  PBL  with  100  mg/m^ 
graphite  and  500  or  1000  mg/m^  PBL  with  200  mg/m^  graphite. 
The  fifth  group  was  a  filtered  air  control.  Biologic  end 
points  included  pulmonary  lavage  parameters,  pulmonary 
function,  lung  weights,  histopathology ,  and  clinical 
pathology.  These  end  points  were  evaluated  within  24  hrs 
after  the  last  exposure  and  after  a  6-week  recovery  period. 
All  animals  on  test  were  monitored  for  in-life  clinical  signs, 
body  weights,  and  selected  groups  for  food  consumption. 
Multivariate  and  univariate  analysis  of  variance  models  were 
used  for  the  statistical  evaluation  of  the  data. 
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II.  BACKGROUND:  PHASES  I,  II,  and  III 


1 .  PHASE  I : 

The  objective  of  Phase  I  was  the  establishment  and 
standardization  of  the  inhalation  exposure  conditions.  The 
facilities  dedicated  to  the  program  included  two  inhalation 
exposure  laboratories  with  conditioned  air  supply  and  chamber 
air  exhaust  systems,  inhalation  exposure  chambers  with  air 
flow  and  pressure  controls,  and  aerosol  generators  provided  by 
the  Government.  There  were  seven  1  m^  inhalation  chambers: 
five  were  used  for  exposure  to  aerosols  of  the  test  materials 
or  positive  control,  and  two  chambers  in  a  separate  room  were 
used  to  expose  the  control  animals  to  filtered  air.  Each  of 
the  five  exposure  chambers  was  interfaced  with  two  aerosol 
generators  provided  by  the  Government;  one  for  the  solid 
particua.ate  (graphite)  aerosols  and  the  second  for  the 
petroleum-based  liquid  (PBL)  fog  oil.  A  two-stage  filtration 
system  consisting  of  a  bag  prefilter  and  a  HEPA  filter  was 
used  to  exhaust  the  chamber  atmospheres. 


Aerosols  of  the  graphite  particles  were  generated  by  pneumatic 
re-dispersion  of  the  bulk  solid  using  a  jet  mill  and  a  screw 
feeder.  The  solids  were  delivered  by  the  screw  feeder  at  a 
constant  rate  and  drawn  into  the  jet  mill  where  they  were 
accelerated  to  high  velocities  with  the  use  of  compressed  air 
jets.  The  particles  were  swept  into  turbulent  motion  and 
pulverized  each  other.  Subsequently,  they  entered  a  size 
classifier  and,  if  small  enough,  exited  the  system  as  aerosol. 
Large  particles  remained  in  the  jet  mill  until  their  size  was 
reduced  enough  to  pass  through  the  classifier.  In  order  to 
improve  the  temporal  stability  of  the  solid  aerosol  generation 
system  at  concentrations  below  100  mg/m^,  a  slip  stream 
dilution  system  was  employed. 


Aerosols  of  the  PBL  were  generated  by  injecting  this  fog  oil 
test  material  onto  a  Vycor  glass  heating  element  in  an  inert 
nitrogen  atmosphere.  The  temperature  of  the  heater  was 
monitored  by  a  thermocouple  and  controlled  by  a  dual  set-point 
temperature  controller.  The  PBL  was  flash  evaporated  and 
condensed  quickly  to  form  smoke  when  mixed  with  dilution  air. 
The  solid  particulate  aerosol  and  the  PBL  smoke  were 
dynamically  mixed  in  a  "Y”  section  before  entering  the 
exposure  chamber.  HPLC  analyses  of  the  PBL  aerosol  collected 
on  the  filters  revealed  that  the  PBL  was  not  degraded  either 
during  the  generation  process  or  when  mixed  with  the  solid 
particulate  aerosol. 


The  solids  aerosol  generator  was  tested  to  establish  chamber 
aerosol  concentrations  within  the  range  of  10  to  200  mg/m^ 
(specific  levels  of  10,  60,  100,  and  200  mg/m^)  and  the  PBL 
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liquid  aerosol  generator  in  the  concentration  range  of  500  to 
1000  mg/iti^  (specific  levels  of  500  and  1000  mg/m^)  .  Both 
generation  systems  functioned  without  any  problem  and  the 
aerosol  output  was  stable  at  these  concentration  levels. 

Three  real  time  optical  aerosol  sensors  were  evaluated  for 
monitoring  the  solid  as  well  as  solid-liquid  aerosol  mixtures. 
The  extreme  stickiness  of  the  solid-liquid  aerosol  mixtures 
combined  with  the  high  electrostatic  charge  of  the  solid 
aerosol  produced  particle  deposition  on  the  sensor's  optics 
and  was  a  major  operational  problem.  Sensors  required 
cleaning  after  one  or  two  hours  of  operation.  Hence, 
gravimetric  filter  collection  (at  pre-set  periodic  intervals) 
was  chosen  as  the  primary  method  for  determining  the  chamber 
aerosol  concentrations.  The  real  time  sensors  were  used  to 
monitor  relative  concentration  variations  continuously  and 
serve  as  a  guide  for  generator  adjustment. 

For  studies  with  the  solid  particulate  aerosols  only,  a 
commercially  available,  portable  continuous  aerosol  monitor 
(PCAM)  was  used  to  monitor  aerosol  concentration  without  any 
major  operational  problem.  However,  over  the  course  of  a  4-hr 
testing  period,  small  drifts  were  noticeable  and  daily 
cleaning  of  the  sensor  was  necessary.  For  studies  with  solid- 
liquid  aerosol  mixtures,  it  was  necessary  to  monitor  the 
concentration  at  three  locations:  the  solid  aerosol  generator 
outlet,  the  liquid  (PEL)  aerosol  generator  outlet,  and  in  the 
chamber  itself.  A  backscattering  photosensor,  originally 
designed  at  the  oak  Ridge  National  Laboratory  (ORNL) ,  was 
modified  in  our  laboratory  to  provide  a  protective  air  sheath, 
and  was  used  at  the  solid  generator  outlet  and  in  the  chamber. 
The  output  from  the  liquid  aerosol  generator  was  monitored 
with  the  original  ORNL  photosensor  without  any  modifications. 

The  particle  size  distribution  of  the  solid,  as  well  as  solid- 
liquid  aerosol  mixtures  was  determined  with  a  Quartz  Crystal 
Microbalance  (QCM) -based  cascade  impactor.  The  mass  median 
aerodynamic  diameter  (MMAD)  of  the  solid  particulate  aerosol 
was  in  the  range  of  1.5  to  2.0  /im  and  for  the  solid-liquid 
aerosol  mixture  the  range  was  0.3  to  0.4  fim  (for  ratio  of 
solid  to  liquid  in  the  aerosol  mixtures,  see  below)  .  The  MMAD 
of  the  positive  control  material  (cristobalite) ,  measured  with 
a  Mercer  Cascade  Impactor,  was  approximately  3.0  /xm. 

Spatial  and  temporal  homogeneity  of  the  chamber  tost 
atmospheres  was  established  through  a  procedure  of 
simultaneous  sampling  from  several  locations  within  the 
chambers.  Two  homogeneity  determinations  were  conducted;  the 
first  for  the  solid  particulate  aerosols  and  the  second  for 
the  solid-liquid  aerosol  mixtures.  The  positive  control 
material  was  tested  as  part  of  the  solid  particulate 
homogeneity  determinations.  The  test  concentrations  employed 
to  establish  the  homogeneity  of  the  chamber  atmospheres  were: 
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Graphite  aerosols,  mg/m^:  10,  60,  100,  200 

Graphite/PBL  aerosol  mixtures,  mg/m^:  200/500,  200/1000, 

0/1000 

Cristobalite  aerosol,  mg/m^:  200 
(positive  control) 

Aerosol  mass  concentration  and  particle  size  were  measured  at 
each  concentration  as  a  function  of  location  and  time.  The 
homogeneity  data  collected  were  statistically  analyzed  to 
establish  the  total  and  individual  components  of  variance, 
such  as  effects  due  to  time,  shelf,  chamber,  etc.  (A 
comprehensive  report  on  the  statistical  analysis  prepared  by 
Dr.  R.  Gibbons,  biostatist ical  consultant  to  the  project,  was 
included  in  toto  in  Appendix  C  of  the  Phase  I  report.) 

Results  of  the  statistical  analysis  revealed  that  the  total 
variation  of  the  aerosol  concentration  was  within  the  required 
20%  limits  for  all  the  concentration  levels  tested.  For 
spatial  homogeneity,  the  variation  attributable  to  shelf  was 
always  less  than  10%  for  both  the  solid  and  solid-liquid 
aerosol  mixtures  at  all  the  target  levels.  For  temporal 
homogeneity,  the  variation  due  to  time  was  also  less  than  10% 
for  all  test  runs  except  one  (at  the  10  mg/m^  level  of  the 
solid  aerosol)  .  For  the  inter-chamber  comparison,  the  aerosol 
concentration  variations  between  exposure  chambers  were  below 
5%  at  all  concentration  levels. 

For  aerosol  particle  size,  the  data  showed  the  total  variation 
exceeded  20%  most  of  the  time,  however,  mean  particle  sizes 
were  always  within  the  inhalable  range.  In  addition,  the 
variation  attributable  either  to  shelf  or  time  was  always  less 
than  20%,  indicating  that  the  variation  was  not  due  to  non¬ 
homogeneity  with  respect  to  time  or  location.  Moreover,  on  an 
absolute  basis  the  differences  in  particle  size  were  quite 
small  and  therefore  were  considered  to  be  of  no  biological 
significance. 

From  the  results  of  Phase  I,  it  was  concluded  that  the  spatial 
and  temporal  homogeneity  was  adequate  for  the  aerosol 
concentration  and  particle  size  in  all  the  chambers  and  at  all 
the  target  concentration  levels  tested. 


2.  PHASE  II: 

The  Phase  II  study  was  an  examination  of  the  effects  of 
inhalation  of  aerosols  of  the  solid  particulate  (graphite) 
test  material.  According  to  the  objectives  of  Phase  II,  a  4- 
week  inhalation  toxicity  study  was  conducted  to  evaluate  the 
effects  of  exposure  concentration  of  the  graphite  aerosols, 
daily  duration,  and  weekly  frequency  of  exposure  on  selected 
biologic  end  points  in  male  and  female  F344/N  rats,  to 
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establish  if  the  sex  of  the  animals  affected  the  results  and 
to  evaluate  the  impact  of  a  recovery  period.  Biologic  end 
points  included  pulmonary  lavage  parameters,  pulmonary 
function,  lung  weights,  histopathology  and  clinical  pathology. 
These  end  points  were  evaluated  within  24  hrs  after  the  last 
exposure  and  after  a  2-week  recovery  period.  In  addition,  all 
animals  on  test  were  monitored  throughout  the  study  for  in¬ 
life  clinical  signs,  body  weights,  and,  in  selected  groups, 
for  food  consumption.  A  fractional  factorial  design,  which 
allowed  for  the  most  efficient  use  of  the  experimental 
resources,  was  used  for  the  statistical  evaluation  of  the 
study . 

The  exposures  were  conducted  at  two  target  concentration 
levels  (100  and  200  mg/m^)  of  the  graphite  aerosol  for  two 
exposure  durations  (1  and  4  hrs/day)  and  two  exposure 
frequencies  (2  and  4  days/wk) .  in  addition  exposures  to 
Cristobal ite  aerosol  (positive  control  material)  were 
conducted  at  one  concentration  (200  mg/m^)  for  4  days/wk  and 
4  hrs/day.  The  aerosol  test  atmospheres  of  both  the  graphite 
and  Cristobal ite  powders  were  generated  with  the  pneumatic 
aerosol  generation  systems  provided  by  the  Government.  The 
aerosol  concentration  in  the  exposure  chambers  was  monitored 
using  gravimetric  filters  collected  once  per  exposure  hour  and 
the  concentration  variations  were  monitored  in  real  time  with 
PCAM. 

The  overall  mean  aerosol  concentrations  for  the  study  were 
generally  close  to  the  targets,  ranging  from  94.4  to  99%  for 
all  exposure  conditions.  The  overall  Relative  Standard 
Deviation  (%RSD)  of  the  concentrations  ranged  from  2.7  to 
9.2%.  The  daily  variation  of  aerosol  concentrations  (daily 
%RSD)  in  all  the  chambers  was  below  10%  except  on  a  few 
occasions,  but  was  never  higher  than  16.1%.  Mass  Median 
Aerodynamic  Diameter  of  the  graphite  aerosols  ranged  from  1.2 
to  1.6  ^m  with  a  Geometric  Standard  Deviation  of  2.4  to  3.1. 

The  experimental  design  for  the  study  was  prepared  in 
cooperation  with  Dr.  Gibbons,  the  biostatistical  consultant  to 
the  program.  Because  of  the  complex  experimental  design 
mandated  by  the  RFP  and  the  physical  limitations  (equipment 
and  personnel)  of  the  experimental  logistics  that  required  the 
simultaneous  testing  of  such  a  large  number  of  conditions 
under  a  rigorous  schedule,  a  fractional  factorial  statistical 
design  was  selected  which  allowed  the  evaluation  of  all 
possible  main  effects  and  interactions  of  the  three  primary 
factors  and  all  two-way  interactions  involving  sex  and 
recovery.  This  design,  in  conjunction  with  statistical  power 
computations  based  on  historical  data,  allowed  the  use  of 
relatively  small  group  sizes  in  combination  with  an 
"experimental  end  point  day"  strategy  limited  to  4  days  after 
the  last  exposure  and  4  days  after  the  recovery  period. 
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Multivariate  analysis  of  variance  models  were  used  to  analyze 
each  set  of  variables  (body  weight  gain,  food  consumption, 
relative  lung  weight,  clinical  chemistry,  hematology, 
hematology/dif ferential  counts,  pulmonary  lavage,  and 
pulmonary  function)  .  Prior  to  analysis,  log  transformation  of 
the  data  was  performed  on  these  variables  to  better 
approximate  the  normality  assumption  of  the  statistical  model. 
The  effects  of  five  factors  were  examined  in  these  analyses; 
sex,  period  (post-exposure  or  post-recovery) ,  concentration 
(filtered  air  control,  100  and  200  mg/m^  graphite  aerosol,  or 
positive  control  aerosol  at  200  mg/m^)  ,  duration  (1  or  4  hours 
per  day)  and  frequency  (2  or  4  exposures  per  week)  .  The 
animals  were  allocated  to  the  resulting  cells  of  the  design  in 
a  fractional  factorial  manner  which  allowed  the  testing  of  all 
two-way  interactions.  Multivariate  analysis  of  variance 
models  were  used  to  analyze  the  body  weight  gains  and  food 
consumption.  Dr.  Gibbons's  detailed  report  on  the  statistical 
evaluation  methods  and  results  were  presented  in  Part  Two  of 
the  Phase  II  report. 

The  results  of  the  statistical  computations  revealed  a 
remarkably  striking  absence  of  significant  main  effects  of  any 
of  these  factors,  suggesting  that  differences  in  exposure 
concentration,  frequency,  and  duration  were  unrelated  to 
outcome.  A  notable  exception,  however,  was  the  pulmonary 
lavage  parameters  where  several  measurements  were  either 
significantly  increased  or  decreased. 

There  were  no  mortalities,  and  clinical  observations  provided 
no  evidence  of  significant  treatment-related  toxicity  in  any 
experimental  group  during  either  the  exposure  or  recovery  pe¬ 
riods.  Overall,  the  4 -week  inhalation  exposure  to  the 
graphite  aerosols  had  no  significant  concentration-,  duration- 
,  or  frequency-related  effect  on  body  weight  gain.  Although 
statistically  significant  differences  were  detected  in  a 
number  of  individual  comparisons,  the  overall  results  of  the 
study  provided  little  evidence  to  support  the  hypothesis  that 
increased  exposure  to  the  test  article  via  increased  exposure 
concentration,  duration,  and/or  frequency  was  associated  with 
significant  effects  on  body  weight.  Because  no  consistent, 
dose-related  alterations  of  body  weight  gains  were  observed  in 
groups  exposed  to  the  graphite  aerosols,  it  was  concluded  that 
the  test  article  had  no  biologically  significant  impact  on 
this  parameter. 

All  groups  exposed  to  the  graphite  or  the  positive  control 
aerosols  demonstrated  statistically  significant  decreases  in 
food  consumption  when  compared  to  filtered  air  controls. 
However,  in  groups  exposed  to  the  graphite  aerosol,  these 
decreases  were  not  dose-related,  and  no  consistent  effect  of 
concentration,  duration,  or  frequency  of  exposure  were 
observed. 
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Neither  concentration,  duration,  nor  frequency  of  exposure  of 
the  graphite  aerosols  affected  clinical  pathology  parameters. 
Sporadic  increases  and  decreases  were  seen  which  were  not 
considered  biologically  significant.  For  the  positive  control 
group,  total  WBC  counts  were  slightly,  but  significantly, 
elevated  at  the  post-exposure  time  point  for  both  sexes. 
These  elevations  were  primarily  due  to  increased  numbers  of 
neutrophils.  Recovery  from  this  neutrocytosis  was  not 
apparent  at  the  post-recovery  time  point.  No  other  clinical 
pathology  measurements  were  altered  in  the  positive  control 
group . 

Histopathologic  evaluation  revealed  no  microscopic  lesions 
related  to  the  test  article  at  the  post-exposure  or  post¬ 
recovery  time  points  in  animals  that  had  been  exposed  to  the 
most  severe  conditions  of  concentration,  duration  or 
frequency.  Animals  exposed  to  the  positive  control  developed 
granulomatous  inflammation  in  the  lungs  and  in  the  pulmonary 
and  mediastinal  lymph  nodes.  In  animals  exposed  to  the  test 
article,  pigment  was  seen  within  alveolar  macrophages  or 
within  macrophages  in  the  interstitium  and  lymphoid  tissue  of 
the  lung.  The  presence  of  pigment  in  these  locations  is 
interpreted  as  evidence  of  exposure  to  the  test  article  but 
not  as  a  test  article-related  lesion. 

Although  the  overall  effects  of  inhalation  of  the  graphite 
particles  on  relative  lung  weights  were  inconsistent,  some 
observations  in  the  high  concentration/ frequency/duration 
groups  deserve  to  be  noted,  as  well  as  the  fact  that  more  of 
these  changes  appeared  post-recovery.  These  data  should  be 
viewed  in  parallel  with  the  outcome  of  the  lavage  parameters. 

The  pulmonary  lavage  results  indicated  that  inhalation 
exposure  to  graphite  aerosols  did  not  alter  cellular  viability 
or  adversely  affect  fc-mediated  phagocytic  activity  of 
alveolar  macrophages.  This  suggested  a  lack  of  toxicity  to 
cellular  functions  from  the  inhaled  graphite  aerosols. 
Pulmonary  lavage  of  graphite-exposed  rats  indicated  the 
presence  of  increased  numbers  of  cells,  increased  amounts  of 
;  protein  and  altered  types  of  pulmonary  cells  and  statistical 
analysis  revealed  that  these  data  were  affected  in  various 
ways  by  exposure  duration,  frequency  and  concentration.  These 
changes  were  consistent  with  the  effects  of  a  pulmonary 
irritant.  All  parameters,  except  for  total  cells  and  total 
viable  cells,  were  within  normal  limits  after  the  2-week 
recovery  period. 

Tidal  breathing,  gas  dilution,  pressure-volume  and  flow-volume 
pulmonary  function  tests  were  performed  both  immediately  post¬ 
exposure  and  after  a  2-week  recovery  period.  Several 
parameters  were  obtained  from  each  of  these  four  tests.  Every 
test  showed  one  or  more  parameters  that  were  significantly 
affected  by  the  test  aerosol  or  showed  strong  concentration- 
related  trends.  Overall,  the  tests  indicated  a  mild 
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restrictive  lesion  was  developing  immediately  post-exposure, 
that  partially  resolved  during  the  recovery  period.  Tidal 
breathing  tests  indicated  that  tachypnea,  a  pattern  of 
breathing  consistent  with  restrictive  lung  disease,  occurred. 
The  gas  dilution  test  revealed  that  lung  volumes  and  diffusing 
capacity  were  reduced,  indicating  a  stiffer  and  thickened 
interstitium,  respectively.  Compliance,  obtained  from  the 
pressure-volume  curve  and  during  tidal  breathing,  was  reduced 
post-exposure,  revealing  that  more  pressure  was  required  to 
expand  the  lung  than  normal.  Finally,  lung  volumes  were 
reduced  post-exposure  during  the  latter  portion  of  the  flow- 
volume  curve  without  a  reduction  in  air  flow.  This  pattern  of 
response  was  also  suggestive  of  a  mildly  restricted  lung.  The 
data  obtained  from  the  lavage  fluid  indicating  neutrophil 
influx  and  accumulation  of  protein  would  suggest  that  a 
chronic  inflammatory  response  was  responsible  for  the 
pulmonary  function  observations.  However,  since  the 
inflammatory  response  was  greater  for  the  positive  control 
exposure  and  the  pulmonary  function  response  was  somewhat 
less,  inflammation  cannot  be  totally  explanatory.  Overall, 
the  multivariate  fractional  factorial  analysis  did  not  detect 
any  important  pulmonary  function  effects  related  to  the  sex  of 
the  animals,  or  the  duration  and  frequency  of  exposure. 
Furthermore,  the  analysis  revealed  that  many  of  the  altered 
pulmonary  measurements  recovered  to  within  normal  .limits 
during  the  recovery  period.  Thus,  the  Phase  II  study  failed 
to  detect  any  significant  effects  of  the  factors  of  sex, 
frequency  and  duration  on  pulmonary  function  parameters. 


3.  PHASE  III: 

Based  on  the  overall  results  of  the  Phase  II  study,  the  "worst 
case"  conditions  were  selected  for  Phase  III,  i.e.,  a  graphite 
concentration  of  200  mg/m^,  a  4-hr  daily  exposure  duration, 
and  an  exposure  frequency  of  4  consecutive  days  per  week. 
Since  some  lavage  paramaters  had  not  shown  recovery  at  the  end 
of  the  2-week  period,  the  recovery  period  was  increased  to  3- 
weeks.  Since  the  sex  of  the  rats  generally  did  not  have  an 
impact  on  the  results  of  the  Phase  II  study,  only  males  were 
used  in  Phase  III. 

The  objective  of  the  Phase  III  study  was  to  determine  the 
effects  of  4-weeks  of  exposure  of  F344/N  male  rats  (4  hr/day, 
4  days/week)  to  mixtures  of  aerosols  of  fog  oil  and  graphite 
on  selected  biologic  end  points.  The  experimental  design 
included  six  groups:  aerosols  of  graphite  (200  mg/m^)  and  of 
fog  oil  (1000  and  500  mg/m^)  were  each  tested  alone,  and  the 
graphite  aerosol  was  tested  in  combination  with  each  fog  oil 
concentration.  The  sixth  group  was  a  filtered  air  control. 
All  animals  were  monitored  for  in-life  clinical  signs  and  body 
weights  and,  in  selected  groups,  for  food  consumption.  In 
addition,  biologic  end  points  including  clinical  pathology, 
histopathology,  pulmonary  lavage  parameters,  pulmonary 
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function,  pulmonary  bactericidal  activity,  and  liver 
microsomal  aryl  hydrocarbon  hydroxylase  (AHH)  activity  were 
evaluated  in  animals  sacrificed  within  24  hr  after  the  last 
exposure  and  after  a  three-week  recovery  period. 

Aerosol  concentrations  were  measured  using  gravimetric  filters 
collected  once  per  exposure  hour.  In  addition,  to  maintain 
control  over  potential  concentration  excursions,  variations  in 
generator  aerosol  output  were  monitored  by  real-time  aerosol 
photosensors.  Selected  filter  samples  from  exposure  chambers 
containing  PEL  aerosols  were  analyzed  chemically  by  gas 
chromatography  (GC)  to  determine  the  quantity  of  PEL  and  its 
contribution  to  the  total  aerosol  mass  loading  in  test 
atmospheres  of  PEL  and  graphite  aerosol  mixtures. 

The  overall  mean  aerosol  concentrations  for  the  study  ranged 
from  98.5  to  104%  of  the  target  levels,  with  Percent  Relative 
Standard  Deviations  (%RSDs)  ranging  from  2.07  to  4.17%.  The 
daily  variations  in  aerosol  concentrations  (daily  %RSDs)  in 
all  chambers  were  generally  below  10%.  PEL  aerosol  concen¬ 
trations  determined  by  GC  analysis  were  consistent  with 
gravimetric  determinations.  The  calculated  graphite  concen¬ 
trations  in  the  aerosol  mixtures,  obtained  by  subtracting  the 
chemically  analyzed  PEL  concentrations  from  the  gravi- 
metrically  determined  total  aerosol  concentrations,  were  also 
on  target.  Mass  Median  Aerodynamic  Diameter  (MMAD)  of  each 
test  aerosol  was  well  within  the  respirable  range  and  varied 
from  0.20  /xm  for  PEL  (typical  size  for  evaporation/ 
condensation  type  aerosols)  to  1.8  fin  for  graphite  aerosols. 
The  MMAD  range  for  the  PEL/graphite  mixture  was  0.36  to 
0.41  /xm.  These  monitoring  data  demonstrate  that,  in  addition 
to  maintaining  the  conditions  in  the  chambers  with  aerosol 
atmospheres  of  PEL  or  graphite  only,  the  difficult  and  complex 
task  of  maintaining  good  control  over  the  exposure  concentra¬ 
tions  of  the  individual  components  in  the  PEL/graphite  aerosol 
mixtures  was  successfully  accomplished. 

Multivariate  analysis  of  variance  models  were  used  in  the 
analysis  of  the  clinical  chemistry,  hematology,  hematology 
differential  counts,  pulmonary  lavage  and  pulmonary  function 
measurements.  Eody  weight  gains  and  food  consumption  were 
analyzed  using  multivariate  growth  curve  models.  Lung/body 
weight  ratios,  pulmonary  bactericidal  activity  and  AHH 
activity  were  analyzed  by  univariate  analysis  of  variance.  In 
an  effort  to  better  approximate  the  assumed  normality  of  the 
statistical  models,  the  above  data  (with  the  exception  of  the 
AHH  activity)  were  natural  log  transformed  before  analysis. 
The  statistical  design  and  methov4S  and  the  overall  statistical 
evaluation  of  the  studies  were  presented  in  Part  Two  of  the 
Phase  III  report. 

There  were  no  mortalities  during  the  study,  and  clinical 
observations  provided  no  evidence  of  any  exposure-related 
toxicity  during  either  the  exposure  or  recovery  periods. 
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During  the  exposure  period,  body  weight  gains  were  depressed 
in  rats  exposed  to  graphite,  but  not  in  those  exposed  to  PEL. 
The  body  weight  gains  of  rats  exposed  to  either  of  the 
combined  PBL/graphite  aerosol  mixtures  were  significantly  less 
than  those  of  rats  exposed  to  graphite  alone,  and  this  effect 
was  greater  in  the  mixture  with  the  higher  PEL  exposure 
concentration.  During  the  recovery  period,  body  weight  gains 
of  graphite-exposed  rats  remained  depressed,  but  the  effect 
was  not  enhanced  in  rats  previously  exposed  to  the  aerosol 
mixtures.  Thus,  there  was  a  recovery  from  the  additional 
effect  of  PEL. 

Food  consumption  was  decreased  during  the  first  two  weeks  of 
the  exposure  period  in  rats  that  had  inhaled  graphite  or  PEL 
aerosols.  After  that  time,  there  were  no  significant 
differences  in  food  consumption  between  groups.  The  effect  of 
the  exposures  on  food  consumption  was  not  enhanced  in  animals 
exposed  to  the  PBL/graphite  aerosol  mixtures.  There  were  no 
differences  in  food  consumption  between  treatment  groups 
during  the  recovery  period. 

Lung/body  weight  ratios  were  significantly  increased  after 
both  the  exposure  and  recovery  periods  in  graphite-exposed 
rats,  but  not  in  those  exposed  to  PBL.  The  effect  on 
lung/body  weight  ratios  of  the  aerosol  mixtures  was  no 
different  from  the  effect  of  graphite  alone,  and  there  was  no 
evidence  of  recovery. 

The  clinical  chemistry  and  hematology  parameters  were  not 
affected  by  exposure  to  aerosols  of  PEL,  graphite  or  the 
PBL/graphite  mixtures.  Sporadic  increases  and  decreases  were 
seen  that  were  not  considered  biologically  significant. 

Exposure  of  animals  to  aerosols  of  graphite,  PBL  or  PEL/ 
graphite  mixtures  was  associated  with  reversible  hyperplasia 
of  goblet  cells  in  the  respiratory  epithelium  of  the  nose. 
Animals  exposed  to  aerosols  of  graphite,  PBL  or  their  mixtures 
also  developed  minimal  to  mild  hyperplasia  of  the  epithelium 
in  the  lung  which  did  not  resolve  after  the  recovery  period. 
These  were  both  considered  test  article-related  changes. 

The  activity  of  the  enzyme  aryl  hydrocarbon  hydroxylase  (AHH) 
was  used  as  a  marker  to  identify  possible  alterations  in 
hepatic  cytochrome  P450  activity  occurring  as  a  result  of 
inhalation  exposure  to  graphite  and/or  PBL  aerosols.  Small 
increases  in  AHH  activity  were  observed  in  livers  from  rats  in 
several  treatment  groups,  when  compared  to  filtered  air 
controls.  However,  these  small  increases  in  AHH  activity 
appear  to  have  little  biological  significance  and  were  not 
statistically  significant.  Furthermore,  the  percentage 
increases  in  AHH  activity  were  much  smaller  than  those 
reported  with  classically  studied  enzyme  inducers  such  as 
polychlorinated  biphenyls  or  3-m6thylcholanthrene.  No 
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consistent  pattern  of  alterations  in  AHH  activity  was  observed 
at  the  termination  of  the  recovery  period. 

Response  in  pulmonary  lavage  parameters  to  graphite  aerosol 
exposure  was  characterized  by  increased  cellularity  with 
significant  neutrophil  influx  and  increased  lavage  fluid 
protein.  This  response  was  diminished  at  the  end  of  the 
three-week  recovery  period,  although  increased  cell  numbers 
were  still  evident.  PEL  aerosol  exposure  alone  initially 
resulted  only  in  increased  numbers  of  free  pulmonary  cells. 
After  a  three-week  recovery  period,  cell  numbers  remained  high 
and  pulmonary  lavage  fluid  protein  levels  were  slightly 
elevated.  Exposure  to  PBL/graphite  aerosol  mixtures  initially 
resulted  in  less  severe  pulmonary  effects  than  graphite 
exposure  alone.  Pulmonary  inflammation  decreased  during  the 
three-week  recovery  period  as  evidenced  by  amelioration  of  the 
neutrophil  influx.  However,  numbers  of  pulmonary  cells 
remained  elevated  and  lavage  fluid  protein  levels  were 
slightly  increased.  Pulmonary  bactericidal  activity  was  not 
affected  by  aerosol  exposure  to  graphite,  PEL  or  PBL/graphite 
mixtures. 

Pulmonary  function  tests  including  tidal  breathing,  static 
lung  volume,  pressure-volume  and  flow-volume  tests  were 
performed  both  immediately  post  exposure  and  after  a  three- 
week  recovery  period,  several  parameters  were  obtained  from 
each  of  these  four  tests.  Every  test  showed  one  or  more 
parameters  that  were  significantly  affected  by  the  exposure, 
overall,  the  tests  indicated  that  graphite  exposure  caused  a 
mild  restrictive  lesion  that  showed  no  sign  of  resolution 
during  the  recovery  period.  Graphite  exposure  reduced  tidal 
volume  and  slightly  elevated  the  frequency  of  breathing,  a 
pattern  of  breathing  consistent  with  restrictive  lung  disease. 
Static  lung  volumes  were  significantly  reduced  and  a  trend 
toward  decreased  diffusing  capacity  was  detected,  both 
measurements  indicating  a  stiffer  and  thickened  lung. 
Compliance,  obtained  from  the  pressure-volume  curve,  was 
reduced,  revealing  that  more  pressure  was  required  to  expand 
the  lung  than  normal.  Finally,  lung  volumes  were  reduced  in 
exposed  rats  during  the  latter  portion  of  the  flow-volume 
curve  without  a  reduction  in  air  flow.  Although  all  of  these 
measures  presented  a  consistent  picture  of  restrictive  lung 
disease,  the  absolute  changes  were  small  and  representative  of 
only  a  mild  functional  lesion.  Concurrent  exposure  to  PBL 
neither  exacerbated  nor  ameliorated  the  response  to  graphite. 
The  PBL  exposure  alone  caused  small  increases  in  resistance 
suggestive  of  irritation  of  the  large  airways,  and  an  increase 
in  dynamic  compliance,  a  result  that  is  not  clearly 
interpretable.  No  clear  effects  of  the  mixture  were  observed. 
The  effects  of  exposure  to  graphite  or  PBL  had  not  resolved  by 
the  end  of  the  3-week  recovery  period  in  filtered  air. 
However,  PBL  exposure  may  have  contributed  to  the  persistence 
of  the  graphite-induced  functional  lesion. 
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III.  MATERIALS  AND  METHODS 


1 .  INHALATION  EXPOSURES 

1 . 1  Test  Materials 

The  inhalation  exposures  were  conducted  with  aerosols  gener¬ 
ated  from  a  graphite  powder  and  a  petroleum-based  liquid  (PEL) 
fog  oil.  Both  test  articles  were  provided  by  the  Government. 
The  graphite  (Powder  Al)  and  PEL  fog  oil  (SFG-2,  MIL-F-12070C 
li  AM  2)  test  articles  were  received  on  September  9,  1991  and 
May  1,  1989,  respectively.  All  test  articles  were  stored 
under  ambient  condition  in  a  secure  and  environmentally 
monitored  area  until  used  in  the  aerosol  generators. 

1.2  Inhalation  Exposure  Facilities 

The  inhalation  exposure  facilities  and  the  methods  used  for 
test  atmosphere  generation  and  monitoring  in  this  study  and 
described  in  the  following  sections  have  been  included  in  more 
detail  in  two  of  our  previous  reports.  For  further  reference 
see  the  Phase  I  (test  atmosphere  development) ,  and  Phase  II 
reports,  (February  1990  and  March  1991,  respectively) . 

This  study  was  conducted  in  Laboratories  I  and  II  ("looms  1E4-2 
and  1E4-3,  respectively)  of  the  IITRI/CRB  inhalation  exposure 
facility,  which  was  equipped  with  conditioned  air  supply  and 
chamber  air  exhaust  systems;  inhalation  exposure  chambers  with 
air  flow  and  pressure  controls;  and  specially  designed  aerosol 
generators  provided  by  the  Government.  There  were  five 
Rochester-type,  one-cubic-meter  inhalation  chambers;  four  of 
which  are  located  in  Laboratory  I  and  were  used  for  exposure 
to  aerosols  of  the  test  materials.  The  chamber  used  for 
exposure  of  the  control  animals  to  filtered  air  was  located  in 
a  separate  room  (Laboratory  II)  to  prevent  contamination  and 
contact  of  these  animals  with  the  test  materials.  Laboratory 
I  was  maintained  at  a  negative  pressure  relative  to  the  access 
corridor  and  the  adjoining  Laboratory  II  which  contained  the 
filtered  air  control  chambers. 

Supply  Air;  Both  laboratories  shared  the  same  supply  air  but 
were  connected  to  separate  exhaust  systems.  Single-pass 
conditioned  air  was  introduced  into  the  rooms  at  the  rate  of 
18  to  20  changes  per  hour.  Before  entering  the  laboratories, 
supply  air  passed  through  particulate  prefilters,  charcoal 
filters,  and  was  preconditioned  with  a  water-cooled  air 
conditioning  unit.  Temperature  and  humidity  were  adjusted  to 
maintain  conditions  of  21  to  27 ’C  and  30  to  70%  relative 
humidity  (RH) .  An  electric  duct  heater  with  an  automatic 
control  system  maintained  the  required  temperature  range.  Two 
steam  humidifiers,  one  located  at  the  air  conditioning  unit 
ouclet  and  the  other  in  the  air  inlet  duct  to  the 
laboratories,  supplied  the  humidity  which  was  controlled  with 
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a  high-limit  (85%)  pneumatic  modulating  controller.  Automatic 
air  handling  controls  for  regulating  cooling,  heating,  and 
humidity  were  located  in  Laboratory  I.  The  conditioned  room 
air  was  introduced  into  the  chambers  through  individual  inlet 
filter  assemblies  consisting  of  a  fiberglass  coarse  filter  and 
a  high  efficiency  particulate  air  (HEPA)  filter.  The  air 
supply  was  capable  of  providing  a  per  chamber  flow  rate  of  0.5 
ec^ivalent  volumes  per  minute  (500  1/min)  thus  surpassing  the 
minimum  flow  rate  recjuirement  of  0.4  equivalent  volumes  per 
minute  required  for  the  study. 

Exhaust  System:  The  exhaust  from  each  of  the  aerosol  exposure 
chambers  was  filtered  with  a  two-stage  filtration  system  and 
exhausted.  The  combined  exhaust  from  the  four  chambers  was 
moved  by  a  pressure  blower  capable  of  providing  >500  1/min. 
airflow  to  each  of  the  exposure  chambers  against  75  cm  of 
water  pressure  and  was  exhausted  above  the  roof  outside  the 
building.  The  individual  chamber  air  flow  was  controlled  with 
a  gate-valve  located  in  the  filtered  exhaust  and  monitored 
with  a  calibrated  orifice  meter.  The  blower  was  remotely 
located  to  minimize  noise  in  the  exposure  laboratory. 

The  blower  was  connected  to  a  redundant  power  supply.  An 
alarm  system  installed  in  the  exhaust  air  system  provided 
warning  in  case  of  blower  or  system  failure. 

The  exhaust  system  for  the  filtered  air  control  chamber  was 
independent  of  the  system  for  the  oerimental  test  chambers 
to  avoid  potential  contamination  w.’  .  the  test  aerosols.  Both 
exhaust  systems  were  operated  continuously  except  during 
chamber  cleaning  or  maintenance. 

Exhaust  Filter  System;  Air  exhausted  from  each  exposure 
chamber  was  filtered  through  a  bag-type  prefilter  followed  by 
a  HEPA  filter.  The  prefilter  (Cambridge  Model  3Z95  fiberglass 
filter)  consisted  of  five  (5)  bags  or  envelopes  mounted  in  a 
parallel  configuration.  The  filter  had  a  rating  of  93-97% 
efficiency  against  atmospheric  dust,  and  a  holding  capacity  of 
1  gram/cmr.  The  backup  HEPA  filter  was  also  from  Cambridge 
Filter  Co.  (Model  12X-241212-2,  Silver  Seal).  Both  types  of 
filter”  were  mounted  separately  in  epoxy-coated  plywood 
housings.  A  Magnehelic  pressure  gauge  was  used  to  monitor 
pressure  drop  across  these  filters  and  determine  the  filter 
loading  and  the  need  for  filter  change. 

1.3  Aerosol  Generation  System 

The  two  types  of  aerosols  generators  (PBL  and  graphite) 
employed  in  these  studies  were  provided  by  the  Government  and 
developed  at  the  Oak  Ridge  National  Laboratory  (ORNL) .  The 
two  systems  were  interfaced  in  a  "Y”  section  just  prior  to  the 
chamber  inlet  mixing  plenum.  Each  generation  system  was 
operated  independently.  Individual  aerosol  generators  were 
used  for  each  inhalation  exposure  chamber.  A  brief 
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description  of  each  of  the  aerosol  generators  follows.  (For 
additional  details  see  ORNL  final  report,  J.  H.  Moneyhun,  R. 
A.  Jenkins,  R.  s.  Ramsey  and  T.  M.  Gayle  "A  System  for 
Generating  Mixed  Aerosols  f'»'om  a  Petroleum-Based  Liquid  and  a 
Fine  Solid"  March  1989.) 


PBL  Aerosol  Generator:  The  PBL  aerosol  generation  system 
employed  the  evaporation/condensation  method  for  generating 
the  aerosol.  The  generator  system  consisted  of  an  immersion 
heater  encased  in  a  stainless  steel  tube  and  automatic 
temperature  monitoring  and  control  system  (Barber-Coleman 
Temperature  Controller,  Model  527Z-40030-014-1-00 ,  Rockford 
IL) .  The  PBL  was  delivered  to  the  heater  at  a  constant  rate 
with  a  metering  pump  (Eldex,  Model  E-120-S,  San  Carlos,  CA) 
where  it  was  flash  evaporated.  The  vapors  were  transported  by 
nitrogen  carrier  gas  to  a  glass  fixture  where  it  was  mixed 
with  dilution  air,  condensed  and  delivered  to  the  inhalation 
chamber.  Aerosol  concentration  was  controlled  by  adjusting 
PBL  delivery  rate  with  the  metering  pump. 


Graphite  Aerosol  Generator;  The  graphite  powder  aerosol 
generating  system  consisted  of  a  stainless  steel  jet  mill 
dispersing  unit  (Jet-O-Mizer  Model  00  Fluid  Energy  Processing 
and  Equipment  Company,  Hatfield,  PA)  fed  by  a  screw-feeder 
(Series  100  Accurate,  Whitewater,  WI) .  The  rate  of  dispersion 
was  controlled  by  the  revolution  rate  of  the  feeder-screw. 
Solids  delivered  by  the  screw-feeder  into  the  jet  mill  funnel 
were  drawn  into  the  mill  by  aspiration  and  accelerated  to  high 
velocities  by  two  air  jets.  The  particles  were  swept  into 
turbulent  motion  and  pulverized  each  other.  Consequently,  a 
relatively  highly  dispersed  aerosol  was  produced  at  the  outlet 
of  the  jet  mill. 


The  screw- feeder  metering  accuracy  was  improved  by  the  stirrer 
that  vibrated  and  moved  up  and  down  over  the  feed  screw.  The 
stirrer  was  vibrated  by  an  air  driven  vibrator.  A  second 
vibrator  attached  to  the  delivery  tube  helped  prevent  packing 
in  the  delivery  tube. 

During  the  course  of  the  Phase  III  study  one  of  the  jet  mills 
became  completely  unusable  due  to  erosion  of  the  main  body 
(made  of  #316  Stainless  Steel  alloy)  and  had  to  be  replaced. 
The  erosion  was  attributed  to  the  impact  of  high  velocity 
graphite  particles  on  the  mill  body.  Therefore,  the  operating 
pressure  of  the  jet  mill  air  was  reduced  to  35  to  40  psi  from 
the  original  level  of  90  psi.  This  reduction  in  pressure 
prevented  erosion  without  affecting  the  dispersion  process. 


In  addition,  the  screw-feeder  performance  at  low  feed  rates 
was  improved  by  replacing  the  original  speed  controllers  with 
a  more  precise  electronic  digital  unit. 


Typically,  the  aerosols  generated  with  jet  mills  are  highly 
charged  electrically  and  it  is  customary  to  neutralize  the 
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particles  before  they  enter  the  exposure  chamber.  However, 
the  generators  used  in  this  study  had  no  provision  to 
neutralize  the  electric  charge.  Our  discussions  with  ORJIL 
personnel  (developers  of  the  generators)  revealed  that  the 
graphite  test  material  dispersed  under  field  conditions 
carries  an  electric  charge  and  therefore,  the  laboratory 
aerosol  generators  which  were  designed  to  simulate  the  field 
aerosol  had  no  provisions  for  aerosol  charge  neutralization. 
It  is  noted  that  the  electric  charge  on  the  aerosol  modifies 
the  mobility  of  the  particles  and  alters  the  deposition  onto 
surfaces. 

1.4  Monitoring  the  Aerosol  Test  Atmosphere 

Aerosol  concentration  in  the  exposure  chambers  was  measured  by 
gravimetric  filter  collection  and  monitored  in  real-time  with 
back  scattering  aerosol  sensors.  Monitoring  the  concentration 
of  an  electrically  charged  aerosol  in  real-time  presents  a 
major  technical  problem;  the  electrical  charge  on  the  aerosol 
particles  modifies  their  mobility  and  they  tend  to  deposit  on 
sensing/optical  surfaces  and  produce  measurement  artifacts 
leading  to  a  steady  drift  in  the  sensor  response.  Therefore, 
the  real-time  sensors  could  not  be  used  to  determine  the 
absolute  mass  concentration,  but  were  useful  in  establishing 
relative  changes.  In  view  of  these  difficulties,  the 
gravimetric  method  was  chosen  to  be  the  primary  method  to 
monitor  the  aerosol  concentrations.  The  real-time  aerosol 
sensors  were  used  as  on-line  guides  to  keep  the  aerosol 
concentrations  at  target  levels.  The  aerosol  particle  size 
was  measured  with  Quartz  Crystal  Microbalance  (QCM) . 

Exposuvr  Chamber  Homogeneity;  The  spatial  uniformity  and 
temporal  stability  of  the  aerosol  mass  concentration  and 
particle  size  in  the  exposure  chambers  were  determined  during 
Phase  I  of  the  program  and  was  the  entire  subject  of  the  Phase 
I  report  (submitted  in  February  1990) .  A  brief  description  of 
the  method  is  provided  below  (for  a  complete  description  of 
the  methods  and  discussion  of  data,  see  Phase  I  report). 
Spatial  and  temporal  homogeneity  of  the  chamber  test 
atmospheres  was  established  through  a  procedure  of 
simultaneous  sampling  from  ten  (10)  locations  within  the 
chamber.  Aerosol  mass  concentration  and  particle  size  were 
measured  at  each  target  level  in  all  the  chambers  as  a 
function  of  location  and  time.  Statistical  analysis  of  the 
data  revealed  that  the  variation  of  the  aerosol  concentration 
was  within  ±20%  of  the  mean  in  every  chamber  at  all  the  target 
concentration  levels  as  required  by  the  RFP  (DAMD17-88-R-0049) 
of  this  contract. 

Aerosol  Mass  Concentration:  Aerosol  mass  concentration  was 
monitored  gravimetrically ,  approximately  once  for  each  hour  of 
the  daily  exposure  period.  In  addition,  real-time  sensors 
were  used  at  the  outlet  of  the  PBL  and  Graphite  aerosol 
generators  to  monitor  generator  operation  and  assist  in 
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keeping  the  aerosol  concentration  on  target.  These 
photosensors  are  based  on  an  electro-optical  system  which 
measures  aerosol  concentrations  by  the  principal  of  back 
scattering  of  radiation  from  a  light-emitting  diode.  As 
discussed  earlier,  due  to  the  electrical  charge  on  their 
surface,  the  graphite  particles  could  not  be  kept  away  from 
the  optics  of  the  sensor  and  as  a  result  the  sensor's 
calibration  could  not  be  maintained.  Therefore,  the 
photosensors  were  employed  only  as  real-time  indicators  of 
short  term  changes  in  aerosol  concentration  and  as  an  on-line 
guide  for  the  laboratory  personnel  in  making  necessary 
adjustments  in  generator  settings  when  concentration 
excursions  were  encountered. 

Gravimetric  Aerosol  Monitoring;  The  aerosol  mass  concentra¬ 
tion  in  each  chamber  was  determined  by  collecting  the  aerosol 
on  45  mm  diameter  glass-fiber  filters  placed  in  a  closed-face 
plastic  filter  holder.  The  filters  have  a  99.99%  retention 
efficiency  for  dioctyl  phthalate  particles  of  0.3  Prior 
to  use,  the  fiberglass  filters  were  maintained  for  24  hours  in 
the  conditioned  atmosphere  of  the  sampling  environment  to 
assure  moisture  equilibration  by  the  filter  pads.  The  aerosol 
samples  were  collected  at  constant  flow  rates,  using 
diaphragm-type  vacuum  air  pumps.  The  filters  were  weighed  on 
an  analytical  balance.  Dry  gas  meters  connected  to  the 
backside  of  the  pumps  recorded  the  corresponding  total  volume 
of  air  sampled.  All  filter  samples  were  weighed  within  15  min 
of  removal  from  the  sampling  ports.  Samples  collected  from 
chambers  containing  PBL/graphite  aerosol  mixtures  were 
transferred  to  scrcw-cap  glass  vials.  On  each  exposure  day 
one  randomly  selected  sample  from  each  chamber  was  submitted 
for  chemical  analysis. 

Chemical  Analysis:  Filter-collected  samples  containing 
PBL/graphite  aerosol  mixtures  were  extracted  with  methylene 
chloride  and  sonicated  for  5  min.  The  samples  containing 
graphite  were  filtered  through  a  0.45  fita  Teflon  filter.  The 
extracts  were  analyzed  (both  quantitative  and  qualitative)  by 
gas  chromatography.  The  basis  of  the  qualitative  analysis  was 
a  visual  comparison  of  the  chromatogram  of  the  bulk  PBL  to  PBL 
aerosol.  Quantitation  of  PBL  was  based  on  measured  peak 
heights  of  the  samples  compared  to  standards  prepared  from 
bulk  PBL.  For  additional  details  on  the  analytical  method  and 
sample  preparation  procedures,  see  the  Phase  I  Final  Report. 

Aerosol  Particle  Size;  The  aerosol  particle  size  distribution 
was  monitored  by  a  piezoelectric  microbalance-based  10-stage 
cascade  iropactor.  The  Quartz  Crystal  Microbalance  (QCM)  is  a 
cascade  of  aerodynamic-inertial  impactors  (California 
Measurements,  Sierra  Madre,  Calif.)  in  which  the  suspended 
particles  are  classified  according  to  their  effective  aero¬ 
dynamic  sizes  and  weighed  in  situ  and  in  real-time  on  the 
impaction  surface.  This  is  accomplished  by  using  high- 
frequency,  resonating  piezoelectric  crystals  as  the  impactor 
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plates.  A  built-in  pump  samples  the  aerosol  stream  at  a  rate 
of  0.24  1/min,  separating  the  aerosol  particles  into  10 
sequential  size  ranges  from  0.07  to  35.4  mm  in  aerodynamic 
diameter. 

Oxygen  Monitoring;  A  commercial  solid-state  oxygen  analyzer 
(Lynn  Products  Co.  Inc.,  Lynn,  Mass.)  was  used  to  monitor  the 
percentage  of  oxygen  in  the  chamber  atmosphere.  Oxygen 
concentration  in  each  chamber  was  determined  during  the  first 
week  of  the  exposures  (exposure  days  2  and  3) . 


2.  ANIMALS  AND  MAINTENANCE 

2.1  Receipt,  Quarantine  and  Disease  Screening  Procedures 

Two  hundred  sixty-seven  male  F344/N  rats  were  obtained  from 
Taconic  Farms  Inc.,  Germantown,  N.Y.,  on  September  26,  1991. 
The  animals  were  4-5  weeks  of  age  at  arrival  and  6-7  weeks  of 
age  at  the  start  of  the  study.  The  weight  range  at  arrival 
was  61  to  106  g. 

The  animals  were  observed  daily  during  quarantine.  Following 
randomization,  two  animals  were  selected  from  the  excess  stock 
for  quarantine  sacrifice.  These  animals  were  bled  and  sera 
sent  for  a  standard  rat  virus  profile  (Microbiological 
Associates,  Rockville,  Md.)  followed  by  a  gross  necropsy.  No 
lesions  were  discovered  during  the  quarantine  necropsy,  and 
the  test  results  on  all  sera  were  negative. 

2 . 2  Randomization 

Rats  were  assigned  to  groups  prior  to  exposure  initiation 
using  a  stratified  weight  method  whereby  animals  were  ranked 
in  order,  by  weight,  and  assigned  to  study  groups  in  random 
order.  The  weight  range  at  randomization  was  86  to  149  g 
(weighed  and  randomized  on  October  3,  1991)  .  Each  rat  used  in 
the  study  was  identified  by  tail  tattoo  representing  a  unique 
number  within  the  population  making  up  the  study. 

2 . 3  Housing 

The  animals  were  housed  in  stainless  steel  wire-mesh 
inhalation  cages  suspended  over  excrement  pans  lined  with 
deotized  cage  boards  (Shepherd  Specialty  Papers,  Inc. , 
Kalamazoo,  MI)  on  mobile  racks  which  were  equipped  with  an 
automatic  watering  system.  Each  mobile  rack  held  24  cage 
units  and  each  cage  unit  contained  four  individual  cubicles 
for  a  total  capacity  of  96  animals  per  rack.  Each  cubicle 
measured  18.4  x  16.5  x  15.9  cm.  The  animals  were  double- 
housed  upon  arrival  to  help  them  learn  to  use  the  automatic 
watering  system.  The  rats  were  housed  individually  at  the 
time  of  making  group  assignments  and  remained  individually 
housed  throughout  the  course  of  the  study.  For  exposure,  the 
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cages  were  removed  from  the  racks,  and  the  rats  were  moved  in 
their  cages  into  the  inhalation  chambers.  The  animals  were 
transferred  to  clean  cages  weekly,  and  the  cage  boards  were 
changed  three  times  per  week. 

2.4  Food  and  Water 

Purina  Certified  Rodent  Chow  No.  5002  and  filtered  City  of 
Chicago  drinking  water  were  available  ad  libitum  during  non¬ 
exposure  hours  only. 

2.5  Environmental  Conditions 

During  non-exposure  periods  test  animals  were  held  in  environ¬ 
mentally  controlled  holding  rooms  adjacent  to  the  inhalation 
exposure  laboratories.  Separate  rooms  were  used  for  animals 
exposed  to  the  test  materials  and  the  filtered  air  controls 
(1F3-1  and  1F3-2  CRB,  respectively).  Lighting  in  the  animal 
rooms  was  maintained  on  a  12  hr  light/dark  cycle.  The  air 
supplied  to  the  animal  rooms  and  exposure  laboratories  was 
100%  fresh  filtered  air  and  provided  a  minimum  of  10  complete 
air  changes  per  hour.  The  temperature  and  relative  humidity 
of  the  animal  rooms  were  monitored  and  recorded  twice  daily  on 
weekdays  and  once  daily  on  weekends  and  holidays.  Temperature 
and  relative  humidity  in  the  individual  chambers  and  the 
inhalation  laboratories  were  monitored  manually  at 
approximately  half-hour  and  hourly  intervals,  respectively, 
each  exposure  day  during  the  animal  exposure  period  with  a 
hand-held  electronic  thermohygrometer  (Cole-Parmer,  Chicago, 
IL)  .  All  chamber  and  laboratory  environmental  conditions 
during  the  animal  exposure  periods  and  animal  room  conditions, 
with  a  few  minor  exceptions,  were  maintained  within  specified 
limits.  The  following  table  summarizes  these  conditions,  with 
results  based  on  the  mean  of  the  daily  means  for  Laboratories 
I  and  II  and  the  overall  mean  for  the  animal  rooms.  For  data 


on  individual  chambers,  see 

Section 

IV. 1.5. 

Temc 

.  ’C 

RH 

Mean 

Ranae 

Mean 

Ranae 

Excused  Animals; 

Animal  Room  (1F3-1  CRB) 

22 

21-24 

40 

33-69 

Laboratory  I  (1E4-2  CRB) 

24 

22-25 

50 

36-57 

Control  Animals: 

Animal  Room  {1F3-2  CRB) 

22 

19-24 

42 

27-69 

Laboratory  II  (1E4-3  CRB) 

24 

22-25 

52 

37-61 

Page  III-7 


3. 


BIOLOGIC  END  POINTS 


3.1  Toxicology,  Histopathology  and  Clinical  Pathology 

Mortality  and  Clinical  Observations;  All  animals  were 
observed  twice  daily  on  weekdays  (once  daily  on  weekends  and 
holidays)  for  moribundity  and  mortality-  Each  animal  was 
formally  examined  once  weekly  for  clinical  signs  of 
pharmacologic  and  toxicologic  effects  of  the  exposure. 

Body  Weights:  The  body  weights  were  measured  and  recorded 
individually  to  the  nearest  whole  gram  in  the  morning  prior  to 
exposure  at  study  initiation,  once  weekly  during  the  13 -week 
exposure  and  6-week  recovery  periods,  and  immediately  before 
termination.  Statistical  comparisons  were  conducted  using 
body  weight  gains  calculated  relative  to  the  pre-exposure 
start  weight. 

Food  Consumpt i on :  Food  consumption  for  each  animal  in  the 
PATH  "recovery"  groups  (for  definitions,  see  Section  III. 4, 
Experimental  Design  and  Implementation)  was  measured  weekly 
during  the  exposure  and  recovery  phases  of  the  study.  A 
measured  amount  of  food  was  offered  to  the  rats  on  the  days 
that  body  weights  were  measured,  on  the  next  scheduled  body 
weighing  day,  the  remaining  food  was  weighed  and  replaced  with 
another  measured  amount  of  food.  The  food  consumption  was 
calculated  as  the  difference  between  the  amount  of  food 
offered  and  the  amount  remaining  at  the  end  of  the  session  and 
was  expressed  as  grams  of  food  consumed  per  day. 

Necropsy  and  Histopatholoav;  Animals  remained  on  the 
exposure/ recovery  regimen  until  the  day  prior  to  (within  24  hr 
of)  sacrifice.  All  necropsies  were  conducted  following 
specific  necropsy  procedures.  Following  in  situ  examination, 
all  organs  were  dissected  from  the  carcass  and  protocol- 
required  tissues  (nasal  turbinates,  larynx,  trachea,  lungs, 
pulmonary  [bronchial]  lymph  nodes,  heart,  liver,  spleen, 
kidneys,  urinary  bladder,  stomach,  esophagus,  adrenals, 
thymus,  brain,  sternum  and  skin)  were  fixed  in  10%  neutral 
buffered  formalin.  Tails  with  tattoos  used  for  identification 
were  also  saved. 

All  protocol-required  tissues  for  animals  in  all  treatment 
groups  (post-exposure  and  post-recovery)  were  trimmed, 
processed,  embedded  in  paraffin,  sectioned  and  stained  with 
hematoxylin  and  eosin  (H  &  E) .  These  tissues  were  evaluated 
microscopically  and  the  results  tabulated. 

Tiunq  Weights;  Lung  weights  (to  the  nearest  1-0  mg)  were 
obtained  from  all  PATH-designated  animals.  Lung  weight/body 
weight  ratios  were  calculated  using  terminal  body  weights. 


Page  III-8 


3 


Clinical  Pathology;  Blood  samples  were  collected  via  the 
retro-orbital  sinus  from  C02-anesthetized  PATH  rats.  Blood 
collection  and  same-day  analysis  of  the  samples  for  the 
hematology  and  clinical  chemistry  assays  shown  below  were 
performed  in  a  predetermined  random  order. 


List  of  Hematology  and  Clinical  Chemistry  Tests 

Hematology 

Erythrocyte  count 

Mean  corpuscular  volume 

Mean  corpuscular  hemoglobin  (derived) 

Mean  corpuscular  hemoglobin  concentration  (derived) 

Hemoglobin 

Hematocrit  (derived) 

Erythrocyte  morphologic  assessment 

Leukocyte  count 

Leukocyte  differential  count 

Platelet  count  and  morphologic  assessment 

Clinical  Chemistry 

Total  protein 
Albumin 

Blood  urea  nitrogen 
Creatinine 

Alanine  aminotransferase 
Alkaline  phosphatase 
Creatine  kinase 
Total  bile  acids 
Total  cholesterol 
Glucose 

Sorbitol  dehydrogenase 
Calcium 

Inorganic  phosphate 
Triglycerides 


Hematologic  determinations  were  performed  with  a  Baker  9000 
hematology  analyzer.  Quality  control  assays  including  normal ^ 
abnormal  low  and  abnormal  high  (Baker  Haem-QC  Lot  Nos.  1305B- 
1,  -2,  and  -3  and  2006B-1,  -2,  and  -3  for  the  post-exposure 
and  recovery,  respectively,  were  run  twice  each  day,  prior  to 
initiation  of  test  sample  assays  and  again  at  the  end  of  the 
day.  Clinical  chemistry  tests  were  performed  with  a  Beckman 
Synchron  CX5  analyzer.  Normal  and  abnormal  quality  control 
samples  were  run  at  the  beginning  of  each  daily  run  and  before 
every  eighth  sample  (approximately)  throughout  the  day  using 
Beckman  Synchron  1  (Lot  No.  M102051) ,  Synchron  2  (Lot  No. 
M102052) ,  Synchron  3  (Lot  No.  M102053),  sigma  SDH  normal  (Lot 
No.  51H-6129) ,  and  Nycomed  Diagnostics  (Norway)  Seronorm  (Lot 
No.  181)  and  Pathonorm  H  (Lot  No.  26) . 
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The  erythrocyte  and  platelet  morphologic  assessments  were 
performed  during  the  differential  counts  of  the  blood  smears 
which  were  stained  with  Wright-Giemsa  stain.  One  hundred 
leukocytes  were  identified. 

3 . 2  Pulmonary  Lavage 

Pulmonary  Lavaae.  Total  and  Differential  Cell  Counts: 
Alveolar  macrophages  (AM)  were  obtained  by  tracheobronchial 
lavage.  The  animals  were  sacrificed  by  intraperitoneal 
injection  of  sodium  pentobarbital,  and  the  lungs  were  lavaged 
in  situ  with  nine  consecutive  6-ml  infusions  of  warm  saline. 
The  AM  were  collected  from  the  lavage  fluids  by  centrifugation 
(approximately  250  x  g  for  10  min  at  4'C)  and  resuspended  in 
Hanks  Balanced  Salt  Solution  (HESS)  w/o  Mg"*^  and  Ca"*^ 
(Whittaker  Bioproducts,  Walkersville,  Md.).  The  supernatant 
from  the  first  two  washes  was  saved  for  protein  determination. 

Total  and  viable  cell  counts  were  made  in  a  hemacytometer. 
Cell  viability  was  determined  by  exclusion  of  0.05%  trypan 
blue  dye.  Determination  of  the  cellular  distribution  (i.e., 
percent  of  AM,  polymorphonuclear  leukocytes  and  lymphocytes) 
was  made  through  differential  counts  of  cytocentrifuge 
preparations  of  cells  fixed  in  methanol  and  stained  with 
Wright's  stain. 

Pulmonary  Lavaae  Fluid  Proteins;  Lavage  fluid  total  protein 
was  determined  by  the  method  of  Bradford  (Anal.  Biochero. 
22:248-254,  1976)  using  Coomassie  Protein  Assay  Reagent 
(Pierce,  Rockford,  Ill.).  Triplicate  40  fil  aliquots  of  lavage 
fluids  were  placed  into  replicate  wells  on  a  96-well  assay 
plate,  200  Hi  of  dye  reagent  added  to  each  well  and  absorbance 
read  in  an  ELISA  reader  at  600  nm  (Bio-Tek  EL-310,  Winooski, 
Vt.).  Readings  were  compared  to  a  standard  curve  generated 
using  bovine  serum  albumin  standard  (Pierce)  by  reverse  linear 
regression. 

3 . 3  Pulmonary  Function 

Preparation:  Before  pulmonary  function  testing,  the  rats  were 
anesthetized  with  sodium  pentobarbital  (I.P.)  and  a  cannula 
was  transorally  inserted  into  the  trachea  using  an  illuminated 
small  animal  laryngoscope.  The  rats  were  placed  in  a  whole- 
body,  Plexiglas,  flow  plethysmograph  (BUXCO  Electronics,  Inc., 
Sharon,  Conn.)  for  lung  function  measurements. 

Measurement  System:  Chest  wall  excursions  were  detected  using 
a  pressure  transducer  (Validyne  Engineering  Corp. ,  Northfield, 
Calif.)  connected  to  the  plethysmograph.  Airway  opening 
pressure  was  sensed  from  a  side  port  in  the  tracheal  cannula 
using  a  similar  pressure  transducer.  Analog  outputs  from 
these  previously  calibrated  transducer  systems  were  digitized 
by  an  on-line  microcomputer  (BUXCO  Electronics,  Inc.)  and 
displayed  on  a  scrolling  video  monitor.  When  a  maneuver  was 
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performed,  calculated  measurements  of  pulmonary  function  were 
sent  to  a  second  microcomputer  via  a  high  speed  network 
(LANtastik,  Artisoft,  Phoenix,  Ariz.)*  The  second  computer 
served  as  the  experimenter  interface  to  start  maneuvers, 
monitored  the  progress  of  each  test  and  displayed  the  results. 

Pressure-Volume  Test;  Once  the  rat  was  placed  in  the 
plethysmograph  and  before  performing  the  pressure-volume 
maneuver,  the  rat  lung  was  slowly  inflated  (3  ml/sec)  to  total 
lung  capacity  (+30  cm  H2O  pressure)  and  then  allowed  to  relax 
passively.  This  procedure  ensured  that  a  uniform  lung  volume 
history  was  obtained  among  animals.  During  the  actual  test, 
the  rat  was  inflated  to  total  lung  capacity  and  then  slowly 
deflated  (3  ml/sec)  to  residual  volume  (-20  cm  H2O  pressure) . 
Vital  capacity,  the  chord  slope  compliance  between  0  and  10  cm 
H2O  and  the  peak  compliance  were  obtained  from  the  deflation 
wing  of  the  resultant  pressure-volume  curve. 

Flow-Volume  Test:  Small  airway  integrity  was  evaluated  during 
forced  expiration.  Again  the  rats  were  given  a  constant 
volume  history  (see  above) .  During  the  actual  maneuver,  the 
rats  were  slowly  inflated  to  +30  cm  H2O  pressure  and,  under 
computer  control,  a  solenoid  rapidly  opened,  exposing  the 
rat's  airway  to  -40  cm  H2O  pressure.  From  the  resultant 
maximum  expiratory  flow-volume  curve;  forced  vital  capacity; 
forced  expiratory  volume  at  50  msec,  100  msec,  200  msec,  and 
400  msec;  peak  flow;  and  flow  at  75%,  50%,  and  25%  of  the 
forced  vital  capacity  were  computed. 

Gas  Dilution  Test;  Using  a  syringe  attached  to  a  pressure 
transducer,  a  volume  of  test  gas  equivalent  to  the  vital 
capacity  was  injected  into  the  lung  and  mixed  by  inflating  and 
deflating  the  lung  ten  times.  Total  lung  capacity  was 
obtained  by  the  gas  dilution  method  using  0.5%  neon  in  the 
test  gas  (Takezawa  et  al.,  J.  Appl.  Physiol.  Environ.  Exercise 
Physiol.  4^:1052-1059,  1980).  Residual  volume  was  computed  as 
total  lung  capacity  minus  vital  capacity  obtained  from  the 
pressure-volume  test  (see  above) .  Multi-breath  diffusing 
capacity  of  carbon  monoxide  was  also  obtained  simultaneously 
by  gas  dilution  using  the  0.5%  carbon  monoxide  in  the  test  gas 
(Takezawa  et  al.,  ibid.). 


4.  EXPERIMENTAL  DESIGN  AND  IMPLEMENTATION 
Report  by  J.  Bradof 

4.1  Objectives  of  the  Study 

The  objective  of  the  thirteen-week  Inhalation  toxicity  study 
conducted  with  male  F344/N  rats  was  to  determine  the  toxic 
effects  of  longer-term  exposure  to  the  aerosol  mixtures  of  fog 
oil  and  graphite  particles  and  the  reversibility  of  observed 
toxic  effects  after  a  6-week  recovery  period.  Biologic  end 
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points  included  pulmonary  lavage  para'^-^ters  (LAV)  ,  pulmonary 
function  (PF) ,  lung  weights  and  histopathology /clinical 
pathology  (PATH) .  These  end  points  were  evaluated  in  animals 
sacrificed  within  24  hr  after  the  last  exposure  and  after  a  6- 
wee)c  recovery  period.  In  addition,  all  animals  on  test  were 
monitored  throughout  the  study  for  in-life  clinical  signs  and 
body  weights,  and  selected  groups  (recovery  PATH  animals)  for 
food  consumption. 

4 . 2  Experimental  Design 

The  study  design  included  five  exposure  groups:  the  PBL 
aerosol  was  tested  at  three  concentrations  (250,  500  and 
1000  mg/m^) ,  with  the  500  mg/m^  concentration  tested  in 
combination  with  each  of  the  two  concentrations  used  for  the 
graphite  aerosols  (100  and  200  mg/m^)  ,  and  the  low  and  high 
PBL  concentrations  tested  in  combination  with  the  low  and  high 
graphite  aerosol  concentrations,  respectively.  The  fifth 
group  was  a  filtered-air  control.  These  combinations  were 
tested  in  five  inhalation  chambers  as  follows: 


Aerosol  Concentration. ma/m^ 


GrouD 

Chamber  No. 

PBL 

Graohite 

I 

6 

0 

0 

II 

5 

250 

100 

III 

3 

500 

100 

IV 

1 

500 

200 

V 

2 

1000 

200 

Groups 

consisting  of  40  male 

F344/N  rats  were 

exposed  to  the 

above-listed  five  conditions  for  4  hr/day,  4  days/weeK  for  13 
weeks.  Biologic  end  points  were  determined  in  animals 
sacrificed  within  24  hr  after  the  last  exposure  (EXP)  and 
after  a  6-week  recovery  period  (REC) .  The  distribution  of  the 
200  rats  into  the  end  point  groups  (PATH  and  LAV/PF)  and  assay 
times  (EXP  and  REC)  are  shown  in  Table  III-l.  Rats  were 
shared  for  the  LAV  and  PF  end  points.  The  rats  designated 
for  PF/LAV  assays  on  Saturday  received  an  additional  exposure 
on  Friday  in  the  last  exposure  week  in  order  to  maintain  the 
same  interval  between  the  last  exposure  and  assay  for  all 
rats. 
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RESULTS  AND  DISCUSSION 


1.  AEROSOL  TEST  ATMOSPHERE  MONITORING 
Report  by  N.  Rajendran  and  S.  Vana 

1.1  Aerosol  Mass  Concentration 

The  graphite  and  PEL  aerosol  monitoring  results  shown  in 
Table  IV-1  are  presented  as  overall  study  means  of  aerosol 
mass  concentrations  determined  gravimetrical ly  with  associated 
Standard  Deviations  (SD)  and  %  Relative  Standard  Deviations 
(%RSD) .  The  aerosol  mass  concentrations  represent  the  total 
of  the  graphite  and  PEL  aerosol  mixture.  These  overall  means 
calculated  from  the  daily  means  were  generally  close  to  target 
levels  under  all  exposure  conditions,  and  ranged  from  lOO  to 
101%  of  the  target  concentrations.  The  overall  %RSDs  for  the 
study  ranged  from  3.10%  to  3.94%. 

The  daily  mean  aerosol  mass  concentrations  calculated  from  the 
gravimetric  filter  samples  collected  in  the  individual 
chambers  once  per  hour  during  the  4 -hr  exposure  durations, 
along  with  daily  statistical  computations  are  provided  in 
Tables  A-1  to  A-4  of  Appendix  A.  These  data  show  that  the 
daily  mean  concentrations  were  well  within  the  RFP-mandated 
limits,  of  20%  on  all  exposure  days.  In  general,  the  majority 
of  the  variations  of  aerosol  concentrations  (daily  %RSDs)  were 
well  below  10%  except  on  six  exposure  days  (see  Tables  A-1  to 
A-4  of  Appendix  A) . 

1.2  Chemical  Analysis 

The  gravimetric  filter  samples  used  to  determine  the  aerosol 
mass  concentrations  measure  the  total  aerosol  mass  loading 
without  any  differentiation  between  contributions  of  the 
graphite  and  PEL  components.  Therefore,  selected  filter 
samples  were  analyzed  by  gas  chromatography  (GC)  to  quantitate 
the  total  amount  of  PEL  collected  on  the  filters.  In  general, 
at  least  one  filter  was  selected  at  random  from  each  chamber 
containing  PEL  aerosol  for  each  exposure  day.  The  GC  analysis 
data  revealed  that  the  PEL  concentrations  were  close  to  the 
target  levels  on  all  occasions  and  were  consistent  with  the 
gravimetric  determinations. 

Table  IV-2  presents  the  PEL  aerosol  concentration  results  from 
GC  analyses  as  overall  study  means,  SDs  and  %RSDs.  The 
summary  data  presented  in  the  table  demonstrate  that  the  mean 
PEL  aerosol  concentrations  determined  chemically  were  close  to 
target  levels  in  all  chambers  and  the  %  mean/target  values 
ranged  from  95.2  to  106%.  The  overall  %RSDs  ranged  from  6  to 
12%  and  were  slightly  higher  than  the  %R.SDs  established  with 
the  gravimetric  method  (see  Section  IV. 1.1,  above,  and 
Table  IV-1) ,  possibly  due  to  the  lower  number  of  filters 
analyzed  by  the  GC  procedure  than  by  the  gravimetric  method. 
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TABLE  IV-1.  AEROSOL  MASS  CONCENTRATION  AND  PARTICLE  SIZE  DISTRIBUTION 

FOR  GRAPHITE/ PBL  AEROSOL  MIXTURES 
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'Mass  Median  Aerodynamic  Diameter  and  Geometric  Standard  Deviation 


The  daily  PBL  aerosol  concentration  determinations  for 
Chambers  1,  2,  3  and  5,  along  with  an  overall  statistical 
summary,  are  provided  in  Tables  A-5  to  A-8  of  Appendix  A.  As 
seen  from  the  tables,  PBL  aerosol  concentration  determinations 
based  on  GC  analysis  of  individual  filters  were  generally 
within  20%  of  the  target  levels.  A  further  review  of  the  data 
(Tables  A-5  to  A-8)  clearly  shows  that  the  combined  as  well  as 
individual  concentrations  of  PBL  and  graphite  components  of 
the  aerosol  mixtures  were  very  close  to  the  intended  target 
concentrations  for  all  chambers  which  contained  the  complex 
aerosol  mixtures. 

In  summary,  these  monitoring  data  demonstrate  that  we  have 
successfully  solved  the  extremely  difficult  and  complex  task 
of  maintaining  excellent  control  over  the  exposure 
concentrations  of  the  individual  components  in  these  PBL/ 
graphite  aerosol  mixtures. 

1.3  Aerosol  Particle  Size 

The  aerodynamic  particle  size  distribution  of  aerosols  of  the 
mixtures  of  PBL  and  graphite  was  measured  in  each  chamber 
eight  times  during  the  study  using  a  QCM  cascade  impactor. 
The  particle  size  distribution  parameters  of  the  aerosols  in 
the  exposure  chambers  are  shown  in  Table  IV-1.  The  Mass 
Median  Aerodynamic  Diameter  (MMAD)  of  the  mixture  of  PBL  and 
graphite  aerosols  ranged  from  0.40  to  0.69  fim,  with  a 
Geometric  Standard  Deviation  (GSD)  of  3.40  to  4.73.  The 
particle  size  distribution  of  the  aerosol  mixture  is  dominated 
by  the  PBL  aerosol  particle  size  due  to  the  fact  that  the  mean 
concentration  of  the  PBL  aerosol  in  the  mixture  is  larger  than 
the  graphite  (250,  500,  or  1000  mg/m^  of  PBL  with  100  or 
200  mg/m^  of  graphite)  .  All  the  MMADs  of  the  test  aerosols 
were  well  within  the  respirable  range  (<10  nm  diameter) . 

1 . 4  Oxygen 

The  percent  oxygen  concentration  in  the  individual  chambers 
was  determined  with  a  solid  state  oxygen  analyzer  twice  during 
the  first  week  of  animal  exposures.  The  oxygen  concentration 
was  21.0%  in  all  chambers. 

1.5  Chamber  Temperature  and  Humidity 

Temperature  and  relative  humidity  in  the  individual  chambers 
were  monitored  at  approximately  half  hour  intervals.  The 
chambers  were  maintained  within  the  required  temperature  and 
humidity  ranges  of  21-27 ’C  and  30-70%RH,  respectively. 
Summarized  information  on  these  conditions  with  results  based 
on  daily  means  of  the  measurements  are  shown  in  Table  IV-3 . 


TABLE  IV-3.  THIRTEEN-WEEK  SUMMARY  OP  INHALATION  CHAMBER 

ENVIRONMENTAL  CONDITIONS* 
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2 .  TOXICOLOGY 

Report  by  J.  Druininond 

2.1  Survival /Mortality  and  Clinical  Observations 

All  rats  in  all  exposure  groups  survived  until  the  scheduled 
sacrifices.  The  majority  of  the  rats  exhibited  no  clinical 
signs  of  toxicity  during  either  the  exposure  or  recovery 
periods.  Discoloration  of  the  fur  by  the  graphite  was  evident 
in  all  aerosol-exposed  animals.  However,  since  the  presence 
of  this  discoloration  was  of  no  toxicologic  significance,  the 
discoloration  was  documented  at  the  start  of  the  study,  but 
not  on  a  continuing  basis  during  the  study.  Other  clinical 
observations  occurred  in  only  a  few  rats  from  all  exposure 
groups.  The  majority  of  these  observations  were  tail  lesions 
which  were  in  all  likelihood  mechanical  injuries  related  to 
the  loading  of  the  animal  cages  in  and  out  of  the  exposure 
chambers.  The  remaining  clinical  observations  occurred 
sporadically  across  the  exposure  groups.  The  observations 
were  confirmed  by  the  Study  Toxicologist.  Because  of  their 
sporadic  occurrence,  none  of  the  clinical  observations  was 
considered  to  have  any  toxicologic  significance. 

In  summary,  no  animals  died  during  the  study  and  there  were  no 
test  material-related  clinical  signs  of  toxicity  in  any  animal 
during  either  the  exposure  or  recovery  periods. 

2 . 2  Body  Height 

The  effects  of  exposure  to  the  various  test  atmospheres  on 
body  weight  gain  were  evaluated  using  multivariate  analysis  of 
variance  for  repeated  measures.  Before  analysis  the  body 
weight  gain  data  were  log-transformed  to  better  approximate 
the  normality  assumption  of  the  statistical  models.  All  rats 
were  weighed  once  weekly,  and  statistical  comparisons  were 
conducted  using  the  body  weight  gains  calculated  relative  to 
the  pre-exposure  start  weight.  The  body  weight  gain  results 
are  summarized  in  Tables  A-9  and  A-10  of  Appendix  A. 

Exposure  to  the  various  aerosol  mixtures  for  13  weeks  had  no 
apparent  deleterious  effect  on  body  weight  gain.  The  body 
weight  gains  of  rats  exposed  to  the  500  mg/m^  PBL/100  mg/# 
graphite  aerosol  mixture  were  significantly  greater  than  those 
of  the  control  animals  during  the  exposure  period,  but  this 
finding  was  considered  to  be  of  no  toxicologic  significance. 

2 . 3  Food  Consumption 

The  statistical  analysis  of  the  food  consumption  data  also 
employed  multivariate  analysis  of  variance  for  repeated 
measures.  An  average  daily  food  consumption  was  calculated 
for  each  weekly  measurement  period  and  leg-transformed  before 
analysis.  The  food  consumption  results  are  summarized  in 
Tables  A-11  and  A-12  of  Appendix  A. 


There  were  no  significant  differences  in  food  consumption 
between  the  groups  exposed  to  the  aerosol  mixtures  and  the 
control  group  during  the  exposure  period.  However,  during  the 
recovery  period  the  food  consumption  of  all  aerosol-exposed 
groups  was  significantly  greater  than  that  of  the  controls. 
The  biologic  significance  of  the  increased  food  consumption  is 
not  clear. 

2.4  Relative  Lung  Weights 

The  re''=»*-ive  lung  weights  (lung/body  weight  ratios)  were 
analy'  taoistically  using  univariate  analysis  of  variance 
models  .  log-trans formed  data.  All  data  were  obtained  at 
necropsy,  following  either  the  exposure  or  recovery  periods 
(see  Table  A-13  of  Appendix  A) . 

Rats  from  all  groups  exposed  to  the  aerosol  mixtures  had 
significantly  increased  lung/body  weight  ratios  at  the  end  of 
the  exposure  period.  There  was  no  evidence  of  recovery  as 
similar  increases  were  also  seen  in  aerosol-exposed  rats  after 
the  6-week  recovery  period.  The  lung/body  weight  ratios 
tended  to  be  increased  in  a  dose-related  fashion  in  both  the 
post-exposure  and  post-recovery  group  rats. 


3.  CLINICAL  PATHOLOGY  AND  HISTOPATHOLOGY 


3.1  Clinical  Pathology 
Report  by  B.  Levine 

Clinical  chemistry  summary  data  for  post-exposure  and  post¬ 
recovery  tests  are  shown  in  Table  A-14  of  Appendix  A. 
Corresponding  hematology  summary  data  are  in  Table  A-15  and 
corresponding  hematology  WBC  differential  summary  data  are  i’l 
Table  A-16. 

At  the  end  of  the  13-week  exposure  period,  a  few  clinical 
chemistry  parameters  were  slightly  altered  in  exposed  animals. 
Slight,  but  statistically  significant  decreases  in  serum  total 
protein  and  cholesterol  levels  were  seen  in  animals  exposed  to 
aerosol  mixtures  of  200  mg/m^  graphite  combined  with  500  or 
1000  mg/m^  PBL  suggesting  slight  hepatocellular  changes. 
Histopathologic  changes  in  the  liver,  however,  were  not  in 
evidence  (see  Section  3.2).  The  levels  of  the  liver  enzymes 
ALT  and  SDH,  however,  were  not  elevated  for  any  of  the 
treatment  groups.  Interestingly,  slight  decreases  in  serum 
ALT  were  seen  in  animals  exposed  to  either  500  mg/m^  PBL/iOO 
mg/ro^  graphite  or  1000  mg/m^  PBL/200  mg/m^  graphite.  The 
biological  significance  of  these  decreases  is  not  known. 

No  other  clinical  chemistry  changes  were  considered  to  be 
related  to  exposure.  very  slight,  but  statistically 
significant  decreases  in  serum  calcium  levels  and  increases  in 
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BUN  levels  occurred  in  some  aerosol-exposed  groups.  The 
changes  were  very  small,  and  concentration-response 
relationships  were  not  apparent.  As  such,  they  were 
considered  unrelated  to  exposure.  Slight,  but  not 
statistically  significant  neutrocytosis  was  noted  for  the  1000 
mg/m^  PBL/200  mg/m^  graphite  exposure  group.  No  other 
hematological  parameters  were  affected  by  exposure  to 
combinations  of  PBL  and  graphite.  A  very  slight,  but 
statistically  significant  decrease  in  platelet  counts  in  the 
500  mg/m^  PBL/200  mg/m^  graphite  group  was  considered  spurious 
and  of  no  biological  significance. 

At  the  end  of  t.he  recovery  period,  the  previously  observed 
slight  decreases  in  serum  total  protein  and  cholesterol  levels 
were  no  longer  apparent.  All  other  clinical  chemistry  changes 
were  considered  spurious  and  unrelated  to  exposure. 

Slight,  but  statistically  significant  increases  in  the  number 
of  circulating  neutrophils  were  seen  at  all  exposure  levels  at 
the  end  of  the  recovery  period.  On  the  basis  of  concentra¬ 
tion-response  relationships,  it  is  unclear  whether  PBL  or 
graphite  or  a  combination  of  these  materials  was  responsible 
for  these  increases. 

3 . 2  Histopathology 

Report  by  M.  J.  Tomlinson 

Exposure  of  animals  to  PBL/graphite  aerosol  mixtures  was 
associated  with  reversible  hyperplasia  of  goblet  cells  in  the 
respiratory  epithelium  of  the  nose.  Animals  exposed  to  the 
aerosol  mixtures  also  developed  hyperplasia  of  epithelium  in 
the  lung  and  hyperplasia  of  lymphoid  tissue  in  the  lung  and 
draining  lymph  nodes.  These  changes  did  not  resolve  during 
the  recovery  period.  Hyaline  droplet  formation  in  the 
{•roximal  convoluted  tubule  of  the  kidney  was  exacerbated  by 
exposure  to  the  aerosol  mixtures,  but  had  decreased  to  post¬ 
exposure  negative  control  levels  by  the  end  of  the  recovery 
period.  These  were  all  considered  test-article  related 
changes.  (See  complete  Pathology  Report  included  in 
Appendix  B. ) 


4 .  PULMONARY  LAVAGE 

Report  by  R.  Sherwood 

The  results  of  the  pulmonary  lavage  measurements  are  shown  in 
Table  A-17  of  Appendix  A.  Pulmonary  lavage  fluids  of  rats 
sacrificed  following  13  weeks  of  exposure  to  all  exposure 
concentrations  of  PBL/graphite  aerosol  mixtures  had  slight, 
but  significant  increases  in  numbers  of  cells  and  protein 
concentrations  as  compared  to  controls.  Pulmonary  cells  from 
rats  exposed  to  500  mg/m^  PBL/ 100  mg/m^  graphite  and  500  or 
1000  mg/m^  PBL  combined  with  200  rog/m^  graphite  had  slightly 
decreased  cellular  viability.  Lavage  fluids  from  rats  exposed 
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to  500  itig/m^  PBL/200  mg/m^  graphite  had  a  decreased  percentage 
of  macrophages  with  an  increased  percentage  of  neutrophils. 


Animals  sacrificed  following  a  6-week  recovery  period  after  13 
weeks  of  exposure  to  aerosol  mixtures  of  PBL  and  graphite 
failed  to  exhibit  recovery  of  the  pulmonary  lavage  parameters. 
Total  number  of  cells  decreased  slightly  from  the  values 
observed  immediately  following  exposure,  but  remained 
significantly  higher  than  control  values  in  rats  exposed  to 
PBL  and  graphite.  Lavage  fluid  protein  concentrations 
remained  significantly  elevated  compared  to  controls,  although 
the  levels  were  approximately  the  same  as  those  observed 
immediately  post-exposure.  Pulmonary  cells  from  rats  exposed 
to  500  mg/m^  PBL/ 100  mg/m^  graphite  and  500  or  1000  mg/m^ 
PBL/200  mg/m^  graphite  continued  to  have  slightly  decreased 
cellular  viability.  Lavage  fluids  from  all  exposure  groups 
had  decreased  percentage  of  macrophages  with  increased 
percentage  of  neutrophils. 


These  data  indicate  that  rats  exposed  for  13  weeks  to  PBL/ 
graphite  aerosol  mixtures  had  a  mild  pulmonary  inflammatory 
lesion  which  failed  to  resolve  after  a  6-week  recovery  period. 
Total  pulmonary  cell  numbers  in  the  aerosol-exposed  rats 
decreased  over  the  recovery  period,  but  lavage  fluid  protein 
levels  remained  elevated.  Percentage  of  neutrophils  in  the 
lung  also  increased  over  time,  indicating  that  although  the 
lesion  was  relatively  mild  immediately  after  exposure  and 
after  the  recovery  period,  it  was  not  resolving,  and  may  have 
been  deteriorating.  This  suggests  that  chronic  pulmonary 
damage  may  eventually  be  observed  as  a  result  of  the 
subchronic  exposure. 


5.  PUIMONARY  FUNCTION 
Report  by  J.  Tepper 

Overall,  the  pulmonary  function  data  indicate  that  rats 
exposed  to  the  complex  aerosol  mixtures  had  concentration- 
related  decreases  in  lung  compliance  and  reduced  static  and 
dynamic  lung  volumes;  findings  consistent  with  a  mild, 
restrictive  lesion  similar  to  that  seen  in  rats  exposed  for  4 
weeks  to  graphite  aerosols  alone  (Phase  II)  or  to  graphite/PBL 
aerosol  mixtures  (Phase  III).  This  statement  is  supported  by 
multivariate  and  univariate  analyses.  Summary  data  are 
presented  in  Table  9  of  Part  Two,  Statistical  Overview  of  the 
Results.  The  multivariate  analysis,  incorporating  all  15 
parameters  from  the  three  subtests  (pressure-volume,  flow- 
volume,  and  gas  dilution  tests) ,  detected  a  significant  post¬ 
exposure  treatment  effect,  but  did  not  find  a  significant 
effect  in  the  recovery  animals.  On  the  other  hand,  univariate 
statistics  indicated  significant  treatment  effects  in  the 
post-exposure  and  recovery  groups.  This  difference  most 
likely  reflects  the  limited  power  of  the  multivariate  tests 
given  the  large  number  of  dependent  parameters. 
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In  contrast  to  the  results  of  the  4-week  graphite/PBL  aerosol 
mixture  study  (Phase  III),  in  the  13-week  exposure  of  Phase 
IV,  the  PBL  in  the  aerosol  mixture  appeared  to  affect  the 
pulmonary  function;  however,  the  interaction  between  PBL 
concentration  and  measured  dysfunction  was  complex. 
Increasing  the  PBL  concentration  from  250  to  500  mg/m^  in  the 
aerosol  mixtures,  while  graphite  concentration  remained 
constant  (100  mg/m^) ,  appeared  to  increase  the  measured 
dysfunction.  Further  increases  in  PBL  (from  500  to  1000  mg/m^ 
PBL  in  combination  with  graphite  at  200  mg/m^)  ,  seemed  to  be 
partially  protective  in  the  post-exposure  group.  The 
concentration-related  graphite  effect  and  the  complex 
interaction  with  PBL  did  persist  into  the  recovery  period. 
However,  the  responses  in  all  but  the  200  mg/m^  graphite/ 
1000  mg/m^  PBL  group  were  attenuated  and  appeared  to  show  some 
recovery  toward  the  control  group  response.  On  the  other 
hand,  in  the  high  graphite/high  PBL  (200/1000  mg/m^)  exposure 
group,  the  functional  changes  were  of  similar  severity  in  the 
post-exposure  and  recovery  groups. 

5.1  Pressure-Voliame  Test 

Chord  compliance  and  peak  compliance  were  both  significantly 
reduced  by  all  of  the  complex  mixture  exposures  (Figure  IV-1) . 
At  the  post-exposure  period,  chord  compliance  was 
significantly  different  for  all  exposure  combinations,  while 
peak  compliance  was  significantly  different  for  all  exposure 
combinations  except  the  lowest  concentration  mixture 
(250  mg/m^  PBL/ 100  mg/m^  graphite) .  The  effect  of  1000  mg/m^ 
PBL/ 2 00  mg/m^  graphite  was  somewhat  less  than  the  500  mg/m^ 
PBL/ 2 00  mg/m^  graphite.  For  the  recovery  period,  both  peak 
and  chord  compliance  were  significantly  different  from  control 
at  all  exposure  conditions  except  chord  compliance  failed  to 
achieve  significance  for  the  500  mg/m^  PBL/200  mg/m^  graphite 
group.  Vital  capacity,  measured  from  the  pressure-volume 
curve  also  was  significantly  reduced  for  all  exposure 
combinations  at  the  post-exposure  period  (Figure  Iv-2) . 
Again,  the  effect  of  1000  mg/m^  PBL/200  mg/m^  graphite  was 
somewhat  less  than  the  500  mg/m^  PBL/200  mg/m^  graphite.  For 
the  recovery  period,  vital  capacity  was  significantly 
different  from  control  at  all  exposure  conditions  except  the 
500  mg/m^  PBL/200  rog/m^  graphite  group. 

5 . 2  Flow-Volume  Test 

Univariate  analyses  indicated  that  forced  vital  capacity  and 
the  forced  expiratory  volumes  at  200  and  400  msec  were  reduced 
with  all  exposure  combinations  at  both  the  post-exposure 
(Figure  IV-3A)  and  recovery  periods  (Figure  IV-3B) .  When  the 
forced  expiratory  volumes  were  adjusted  for  differences  in 
body  weight,  the  forced  expiratory  volume  at  100  msec  was  also 
significantly  different,  but  only  for  all  of  the  post-exposure 


FIGURE  IV- 1  Compliance  Measured  from  the  Pressure-Volume  Test 
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Post  Exposure  Post  Recovery 


FIGURE  IV-2  Vital  Capacity  Measured  During  the  Pressure-Volume  Test 
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Exposure  Post  Recovery 


Forced  Expiratory  Volume  (mL)  Forced  Expiratory  Volume  (mL) 


Time  (msec) 

FIGURE  IV-3  Forced  Expiratory  Volume  (FVC) 
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combinations.  No  significant  effects  of  exposure  were 
detected  for  any  of  the  flow-derived  parameters.  When  the 
forced  expiratory  flows  were  adjusted  for  the  differences  in 
forced  vital  capacity,  hyperflows  were  observed  in  the 
1000  mg/m^  PBL/200  mg/m^  graphite  group  (Figure  IV-4) . 

5.3  Gas  Dilution  Test 

The  analysis  revealed  that  a  significant  decrease  in  total 
lung  capacity  occurred  for  all  exposure  combinations  at  the 
post-exposure  period  only.  Significant  effects  were  not 
observed  at  the  recovery  period  even  when  the  data  were 
adjusted  for  differences  in  body  weight.  The  lack  of 
significance  in  the  recovery  period  is  most  likely  accounted 
for  by  the  decrease  in  vital  capacity  and  non  statistically 
significant  increase  in  residual  volume  (vital  capacity  + 
residual  volume  =  total  lung  capacity) .  The  diffusion 
capacity  of  carbon  monoxide  tended  to  decrease  with  increasing 
graphite  and  PBL  exposure  levels,  but  none  of  these  changes 
achieved  significance  either  in  the  post-exposure  or  recovery 
period. 

5.4  Summary  Discussion 

Taken  collectively,  the  data  suggest  that  all  combinations  of 
PBL  and  graphite  exposure  caused  the  development  of  a  mild 
restrictive  lesion  as  evidenced  by  decreased  compliance  (chord 
and  peak  compliance)  and  by  reduced  static  and  forced 
expiratory  lung  volumes.  Reduced  lung  compliance  specifically 
indicates  that  more  pressure  than  normal  is  required  to 
inflate  the  lung.  The  reduction  in  static  lung  volumes  (total 
lung  capacity,  vital  capacity  and  residual  volume)  as  well  as 
the  decrease  in  dynamic  measurements  of  lung  volume  (forced 
vital  capacity,  and  forced  expiratory  volume  at  200  and  400 
msec)  also  would  indicate  an  inability  of  the  lung  to  expand 
normally.  Additionally,  the  forced  expiratory  data  suggest 
that  the  restriction  was  in  the  distal  lung.  The  trend  in  the 
diffusion  data  would  agree  with  this  conclusion.  Although 
collectively  all  of  these  lung  function  tests  present  a 
consistent  picture  of  restrictive  lung  disease,  the  absolute 
changes  in  the  most  severely  affected  measures  (vital 
capacity,  forced  vital  capacity  and  compliance)  were  small 
(11-17%  change)  and  represent  only  a  mild  functional  lesion. 

When  the  pulmonary  function  was  evaluated  post  recovery, 
small,  but  statistically  significant  differences  remained 
suggesting  that,  in  general,  recovery  had  not  occurred. 
However,  in  all  of  the  groups  except  the  1000  mg/m^ 
PBL/200  mg/m^  graphite  group,  there  tended  to  be  some 
improvement  in  lung  function.  In  the  1000  mg/m^  PBL/200  mg/m^ 
graphite  group,  no  sign  of  recovery  was  observed.  Moreover, 
additional  indices  of  dysfunction  were  apparent.  Greater  than 
expected  flow  rates  in  the  volume-corrected  forced  expiratory 
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FIGURE  IV-4  Post  Recovery  Flow-Volume  Curve 
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V.  SUMMARY  CONCLUSIONS 

This  program  was  funded  by  the  U.S.  Army  Medical  Research  and 
Development  Command  to  investigate  the  potential  inhalation 
hazard  of  obscurant  materials  to  which  military  personnel  may 
be  exposed  during  training  and  field  operations.  Such 
exposures  could  occur  to  various  concentrations  of  airborne 
single  materials,  or  mixtures  of  materials  for  short  daily 
durations  repeated  over  different  periods  for  a  number  of 
weeks  or  month.  Thus  these  conditions  differ  from  those 
encountered  by  civilian  populations  in  conventional 
occupational  exposures.  The  objective  of  these  studies  was  to 
evaluate  the  effects  of  obscurant  aerosols  and  aerosol 
mixtures  by  exposing  F344/N  rats  in  whole-body  inhalation 
chambers  under  simulated  field  conditions. 

During  the  course  of  the  overall  program  four-  and  13-week 
exposures  to  aerosols  of  a  petroleum-based  liquid  fog  oil 
(PEL) ,  or  of  a  solid  particulate  (graphite)  alone,  or  fog-oil 
graphite  aerosol  mixtures  were  conducted.  Aerosols  of 
graphite  particles  were  generated  with  a  jet  mill  and  aerosols 
of  the  PEL  with  an  evaporation/condensation  method.  Aerosol 
generator  output  was  continuously  monitored  with  photosensors. 
Aerosol  mass  concentration  was  determined  hourly  by 
gravimetric  filter  collection  and  selected  filter  samples  were 
analyzed  chemically.  Aerosol  particle  size  was  measured  with 
a  Quartz  Crystal  Microbalance-based  cascade  impactor.  Mean 
aerosol  mass  concentrations  were  close  to  target  levels  and 
particle  sizes  were  in  the  inhalable  range  for  all  studies. 
Spatial  and  temporal  homogeneity  of  aerosol  concentration  and 
particle  size  were  demonstrated  by  simultaneous  sampling  of 
multiple  locations  within  the  exposure  chambers.  Animals  were 
monitored  for  clinical  signs,  body  weights  and  food 
consumption.  Biologic  end  points  including  pulmonary 
function,  pulmonary  lavage  parameters,  pulmonary  bactericidal 
activity,  clinical  pathology  and  histopathology ,  were 
evaluated  within  24  hr  after  the  last  exposure  and  after  2-  to 
6-week  recovery  periods. 

Initially  a  4-week  exposure  of  male  and  female  rats  to 
aerosols  of  graphite  particles  was  conducted  to  evaluate  the 
effects  of  exposure  concentration  (100  and  200  mg/m^)  ,  daily 
duration  (1  and  4  hr),  weekly  frequency  (2  and  4  days/week) 
and  sex  of  the  rats  on  selected  biologic  end  points. 
Statistical  evaluation  of  these  data  based  on  a  fractional 
factorial  design  generally  demonstrated  an  absence  of 
significant  main  effects  and  interactions  suggesting  that 
differences  in  exposure,  duration  and  frequency  and  sex  of  the 
rats  did  not  significantly  affect  test  results.  Based  on  this 
information,  a  4-week  exposure  of  male  rats  to  aerosols  of  PBL 
and  graphite,  each  alone  and  to  their  mixtures,  was  subse¬ 
quently  conducted  using  a  full  factorial  design  with  all 
exposures  scheduled  for  4  hr/day,  on  4  days/week  (worst  case 
conditions).  The  experimental  design  included  six  groups: 
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aerosols  of  graphite  (200  mg/m^)  and  of  PBL  (1000  and 
500  mg/in^)  were  each  tested  alone,  and  the  graphite  aerosol 
was  tested  in  combination  with  each  PBL  concentration.  The 
sixth  group  (control)  was  exposed  to  filtered  air.  In  this 
study  body  weight  gains  of  rats  exposed  to  the  PBL/graphite 
aerosol  mixtures  ;<ere  decreased.  No  rats  died  and  there  were 
no  exposure-related'  signs  of  toxicity.  Treatment-associated 
changes  identified  histologically  were  hyperplasia  of  goblet 
cells  in  the  nasal  passages  and  of  epithelial  cells  in  the 
lung.  No  effects  were  observed  in  pulmonary  bactericidal 
activity.  Cell  numbers  and  pulmonary  lavage  protein  levels 
increased  after  PBL  exposure.  Graphite  aerosols  caused  an 
initial  increase  in  cell  numbers,  lavage  fluid  protein  and 
neutrophils,  which  ameliorated  after  exposure  cessation. 
Overall,  four  pulmonary  function  tests  (flow-volume,  pressure- 
volume,  gas  dilution  and  tidal  breathing  tests)  of 
anesthetized  rats  indicated  that  a  mild  restrictive  functional 
lesion  developed  immediately  post-exposure  to  graphite  aerosol 
in  both  4 -week  studies.  After  the  second  study  the  lesion 
persisted  after  a  3-week  recovery  period.  PBL  aerosol  exerted 
no  significant  effects  on  pulmonary  function,  except  for  small 
increases  in  lung  resistance  and  in  dynamic  compliance. 

The  objective  of  the  13 -week  study  and  the  principal  subject 
of  this  report  was  to  determine  the  effects  of  longer-term 
exposures  to  PBL/graphite  aerosol  mixtures  and  the 
reversibility  of  any  observed  toxic  effects  after  a  6-week 
recovery  period.  The  study  was  conducted  with  four  groups 
exposed  to  PBL/graphite  aerosol  mixtures  consisting  of  the 
following  combinations:  250  or  500  mg/m^  PBL  with  100  mg/m^ 
graphite  and  500  or  1000  mg/m^  PBL  with  200  mg/m^  graphite. 
The  fifth  group  was  a  filtered  air  control.  Exposure  to  the 
aerosol  mixtures  resulted  in  no  mortalities,  and  there  were  no 
exposure  related  clinical  signs  or  significant  effects  on  body 
weight  gain  and  food  consumption.  Lung/body  weight  ratios 
were  increased  in  a  dose-related  fashion  in  all  groups  exposed 
to  the  aerosol  mixtures  and  showed  no  evidence  of  recovery. 

Slight  decreases  in  serum  total  protein  and  cholesterol  were 
seen  in  rats  exposed  to  200  mg/m^  graphite  in  combination  with 
500  or  1000  rag/m^  PBL,  however,  histopathologic  changes  in  the 
liver  were  not  in  evidence.  Minimal  increases  in  the  number 
of  circulating  neutrophils  were  seen  in  rats  exposed  to  the 
1000  mg/m^  PBL/200  mg/m^  graphite  aerosol  mixture  at  the  end 
of  the  exposure  period.  By  the  end  of  the  recovery  period  the 
clinical  chemistry  changes  were  no  longer  observed,  but 
neutrocytosis  had  spread  to  all  aerosol-exposed  groups. 

Exposure-related  histopathologic  changes  in  the  13-week  study 
were  essentially  the  same  as  those  seen  in  the  4-week  studies 
and  included  hyperplasia  of  goblet  cells  in  the  respiratory 
epithelium  of  the  nose,  hyperplasia  of  epithelium  in  the  lung 
i  d  hyperplasia  of  lymphoid  tissue  in  the  lung  and  draining 


lymph  nodes.  Again,  as  in  the  4-week  studies,  only  the  goblet 
cell  hyperplasia  had  resolved  by  the  end  of  the  recovery 
period.  After  the  13-week  exposure,  in  addition,  hyaline 
droplet  formation  in  the  proximal  tubule  of  the  kidney  was 
increased  in  aerosol-exposed  rats  but  returned  to  control 
levels  during  the  recovery  period. 

The  results  of  the  pulmonary  lavage  measurements  indicated 
that  rats  exposed  to  PBL/graphite  aerosol  mixtures  for  13 
weeks  had  mild  pulmonary  inflammation  which  was  characterized 
by  slight  increases  in  cell  numbers  and  protein 
concentrations.  Pulmonary  cells  from  rats  exposed  to  all  but 
the  low  level  (250  mg/m^  PBL/100  mg/m^  graphite)  had  slightly 
decreased  cellular  viability.  As  was  the  case  with  the 
shorter-term  studies  the  changes  in  the  pulmonary  lavage 
parameters  failed  to  exhibit  recovery.  Cell  numbers  were 
somewhat  decreased  at  the  end  of  the  recovery  period,  but 
lavage  fluid  protein  levels  remained  high.  The  percentage  of 
neutrophils  in  the  lung  also  increased  during  the  recovery 
period,  indicating  that  although  the  pulmonary  inflammatory 
changes  were  relatively  mild,  the  condition  of  the  lung  may 
have  actually  deteriorated  during  the  recovery  period. 

A  number  of  the  pulmonary  function  measurements  were  affected 
by  the  13 -week  exposures  to  the  aerosol  mixtures.  In  the. 
previous  4-week  studies,  exposure  to  graphite  aerosols 
produced  a  mild  restrictive  lesion  that  showed  no  resolution 
at  the  end  of  the  recovery  period.  When  PBL  was  added  to  the 
graphite  aerosol,  the  PBL  aerosol  neither  exacerbated  nor 
ameliorated  the  response.  In  the  13-week  study  a  similar  mild 
restrictive  functional  lesion  was  observed  in  all  groups 
exposed  to  the  aerosol  mixtures  which  was  characterized  by 
reductions  in  static  lung  volumes  and  diffusing  capacity, 
indicating  a  stiffer,  thickened  lung.  Compliance  was  reduced 
indicating  that  more  pressure  was  required  to  expand  the  lungs 
and  lung  volumes  were  reduced  during  the  latter  portion  of  the 
flow-volume  curve  without  a  reduction  in  air  flow.  Although 
these  functional  responses  were  still  significantly  different 
from  control  at  the  end  of  the  recovery  period,  there  was  some 
evidence  of  recovery  in  all  exposure  groups  except  the  high 
combination  level  (1000  mg/m^  PBL/ 200  mg/m^  graphite)  where 
regression  of  the  lesion  '.vas  not  observed. 

In  summary,  the  biologic  response  in  F344/N  rats  after  13 
weeks  of  exposure  to  the  aerosol  mixtures  was  essentially  the 
same  as  that  seen  in  the  previous  4 -week  study.  The 
histopathologic  and  pulmonary  lavage  findings  were  indicative 
of  a  mild  inflammatory  response  and  were  consistent  with  other 
studies  in  which  rats  were  repeatedly  exposed  to  graphite  or 
PBL  singly  (Thomson  et  al..  The  Toxicologist,  6:134,  1986; 
Belgrade  et  al.,  Tox.  Industrial  Health,  6:123-143,  1990). 
The  observation  of  the  mild  restrictive  functional  lesion  in 
the  lungs  of  rats  exposed  to  the  aerosol  mixtures  was  in 
contrast  to  the  above-cited  studies  in  which  there  were  not 


Page  V-3 


consistent  changes  in  pulmonary  function.  However,  it  should 
be  noted  that  in  the  previous  study  (Thomson  et  al.,  cited) 
the  rats  were  exposed  to  the  graphite  aerosols  only  over  a 
2-week  period. 

Thus,  the  effects  observed  in  the  various  biologic  end  points 
investigated  in  this  study  after  exposure  for  4  hr/day,  on  4 
days/week  for  13  weeks  to  the  PBL/graphite  aerosol  mixtures 
were  generally  mild.  By  the  end  of  the  6-week  recovery  period 
some  of  the  changes  showed  complete  resolution,  whereas  others 
demonstrated  little  or  no  evidence  of  recovery. 
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This  study  has  been  subjected  to  inspections  and  the  report,  with 
the  exception  of  the  Phase  I  portion,  has  been  audited  by  the  IITRI 
Quality  Assurance  Unit.  The  report  describes  the  methods  and 
procedures  used  in  the  study  and  the  reported  results  accurately 
reflect  the  raw  data  of  the  study.  There  were  no  significant 
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(Title  40  CFR  Part  792) . 
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Inspection  Reports  Submitted  to: 


Dates  of  Insoection 

Study  Director 

9/19/91 

9/19/91 

9/19/91 

10/3-4/91 

10/04/91 

10/04/91 

10/08/91 

10/08/91 

lO/OP./QI 
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10/11/91 
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11/08/91 
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1/03/92 
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1/7-8/92 

2/17/92 
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1/09/92 

1/17/92 

1/17/92 

1/17/92 

1/20/92 

1/20/92 

1/20/92 

1/27/92 

1/27/92 

3/04/92 

2/14,20/92 

4/24/92 

4/24/92 

2/25/92 

2/25/92 

2/25/92 

2/27,3/2-4/92 

4/07/92 

5/05/92 

3/03/92 

3/03/92 

3/03/92 

3/04/92 

3/04/92 

3/05/92 

3/09/92 

3/09/92 

3/09/92 

3/11/92 

3/11/92 

3/11/92 
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Study  Director  Management 


3/24/92 

3/30/92 

4/24/92 
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5/28/92 

6/10/92 
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CAIL/  MEAN  AEROSOL  MASS  CSNCEtm^AnONS  OF  IHE  AEROSOL  MIXIURE 
AT  TOE  700  TARGET  lEVEL 

(500  ltq/m^3  PEL  AND  200  itq/m^3  GRAPHITE:  CHAMBER  1) 


EXPOSURE  OONC.  V-SD  N*  %RSD  MIN.  MAX.  % 

DAY  nq/m''3  ing^^3  mg/in^S  MEAN/TARGBT 


1 

669 

47 

4 

7 

620 

711 

96 

2 

691 

53 

4 

8 

617 

732 

99 

3 

733 

19 

4 

3 

715 

754 

105 

4 

753 

28 

4 

4 

724 

790 

108 

5 

727 

23 

4 

3 

702 

756 

104 

6 

735 

39 

4 

5 

689 

784 

105 

7 

725 

22 

4 

3 

696 

748 

104 

8 

702 

18 

4 

3 

675 

715 

100 

9 

721 

15 

4 

2 

701 

735 

103 

10 

708 

8 

4 

1 

699 

717 

101 

11 

720 

19 

4 

3 

698 

740 

103 

12 

715 

15 

4 

2 

698 

733 

102 

13 

710 

10 

4 

1 

695 

716 

101 

14 

700 

19 

4 

3 

682 

726 

100 

15 

712 

24 

4 

3 

679 

735 

102 

16 

718 

29 

4 

4 

682 

750 

103 

17 

716 

26 

4 

4 

689 

744 

102 

18 

712 

18 

4 

3 

688 

731 

102 

19 

729 

18 

4 

2 

708 

749 

104 

20 

736 

27 

4 

4 

700 

764 

105 

21 

700 

15 

4 

2 

681 

714 

100 

22 

697 

29 

4 

4 

663 

733 

100 

23 

707 

14 

4 

2 

686 

719 

101 

24 

672 

28 

4 

4 

649 

712 

96 

25 

645 

29 

4 

4 

613 

681 

92 

26 

650 

60 

4 

9 

608 

738 

93 

27 

666 

43 

4 

6 

638 

730 

95 

28 

677 

39 

4 

6 

619 

701 

97 

29 

710 

43 

4 

6 

649 

752 

101 

30 

720 

24 

4 

3 

700 

753 

103 

31 

740 

19 

4 

3 

716 

757 

106 

32 

722 

27 

4 

4 

706 

762 

103 

33 

740 

42 

4 

6 

696 

798 

106 

34 

722 

14 

4 

2 

705 

737 

103 

35 

716 

16 

4 

2 

695 

733 

102 

36 

687 

38 

4 

6 

632 

722 

98 

37 

693 

41 

4 

6 

657 

745 

99 

38 

726 

36 

4 

5 

699 

776 

104 

39 

713 

38 

4 

5 

685 

767 

102 

40 

721 

36 

4 

5 

687 

771 

103 

41 

708 

27 

4 

4 

693 

748 

101 

42 

713 

21 

4 

3 

698 

743 

102 

43 

688 

24 

4 

3 

660 

718 

98 

44 

714 

39 

4 

5 

681 

766 

102 

45 

697 

22 

4 

3 

672 

726 

100 

46 

695 

57 

4 

8 

642 

772 

99 

47 

703 

22 

4 

3 

683 

729 

100 

48 

726 

53 

4 

7 

690 

804 

104 

49 

708 

44 

4 

6 

668 

770 

101 

50 

711 

31 

4 

4 

686 

756 

102 

Measurements  taken  hourly  during  the  daily  4-hour  ejqxasure  period 

STUDY  SUmARY 


MEAN 

708 

STD.  DEV. 

22.23 

t  RSD 

3.14 

N 

50 

MINIMUM 

608 

MAXIMUM 

804 

TABLE  A-2 


DAILJf  MEAN  AEROSOL  MASS  C30NCEinPAn0NS  OF  THE  AEROSOL  HIXIURE 
AT  IHE  1200  Tng/^3  TARGET  LEVEL 
(1000  nig/m^3  P}lL  AND  200  ing^3  GRAPHTIE:  CHAMBER  2) 


EXPOSURE 

DAY 

GONC. 

ing/m^3 

V“SD 

N* 

%RSD 

MIN. 

mc^^3 

MAX. 

ing/in^3 

% 

MEAN/TARGET 

1 

1261 

35 

4 

3 

1219 

1298 

105 

2 

1246 

98 

4 

8 

1112 

1332 

104 

3 

1214 

71 

4 

6 

1118 

1288 

101 

4 

1242 

65 

4 

5 

1176 

1317 

104 

5 

1201 

17 

4 

1 

1180 

1220 

100 

6 

1203 

41 

4 

3 

1150 

1240 

100 

7 

1088 

70 

4 

6 

1022 

1180 

91 

8 

1137 

48 

4 

4 

1083 

1182 

95 

9 

1195 

34 

4 

3 

1149 

1231 

100 

10 

1242 

34 

4 

3 

1196 

1274 

104 

11 

1217 

66 

4 

5 

1140 

1291 

101 

12 

1251 

41 

4 

3 

1219 

1310 

104 

13 

1214 

27 

4 

2 

1195 

1254 

101 

14 

1154 

28 

4 

2 

1128 

1190 

96 

15 

1220 

19 

4 

2 

1196 

1236 

102 

16 

1170 

18 

4 

2 

1157 

1196 

98 

17 

1250 

28 

4 

2 

1226 

1289 

104 

18 

1244 

63 

4 

5 

1149 

1280 

104 

19 

1261 

34 

4 

3 

1225 

1301 

105 

20 

1238 

24 

4 

2 

1214 

1271 

103 

21 

1216 

46 

4 

4 

1169 

1280 

101 

22 

1226 

31 

4 

3 

1180 

1249 

102 

23 

1239 

68 

4 

5 

1138 

1288 

103 

24 

1214 

48 

4 

4 

1149 

1264 

101 

25 

1196 

33 

4 

3 

1147 

1214 

100 

26 

1185 

38 

4 

3 

1145 

1218 

99 

27 

1253 

41 

4 

3 

1197 

1289 

104 

28 

1216 

69 

4 

6 

1154 

1279 

101 

29 

1257 

42 

4 

3 

1216 

1295 

105 

30 

1239 

30 

4 

2 

1212 

1281 

103 

31 

1242 

43 

4 

3 

1201 

1300 

104 

32 

1241 

51 

4 

4 

1181 

1306 

103 

33 

1245 

59 

4 

5 

1192 

1299 

104 

34 

1262 

37 

4 

3 

1228 

1303 

105 

35 

1242 

47 

4 

4 

1208 

1309 

104 

36 

1116 

32 

4 

3 

1085 

1156 

93 

37 

1197 

17 

4 

1 

1176 

1211 

100 

38 

1172 

13 

4 

1 

1153 

1183 

98 

39 

1172 

9 

4 

1 

1163 

1179 

98 

40 

1129 

46 

4 

4 

1074 

1187 

94 

41 

1190 

42 

4 

4 

1161 

1253 

99 

42 

1254 

93 

4 

7 

1152 

1369 

105 

43 

1246 

61 

4 

5 

1159 

1289 

104 

44 

1203 

124 

4 

10 

1054 

1310 

100 

45 

1260 

46 

4 

4 

1192 

1294 

105 

.  46 

1202 

46 

4 

4 

1164 

1268 

100 

47 

1164 

42 

4 

4 

1136 

1227 

97 

48 

1200 

41 

4 

3 

1148 

1248 

100 

49 

1205 

42 

4 

3 

1171 

1266 

100 

50 

1236 

29 

4 

2 

1214 

1276 

103 

Neasureatnents  taken  hourly  during  the  daily  4'hour  e}<po6ure  period 

STUDY  SUMIARY 


MEAN 

1213 

STD.  rev. 

40.44 

%  RSD 

3.33 

N 

50 

MINIMUM 

1022 

MAXIMUM 

1369 

TABI£  A-3 


DAILY  MEAN  AEROSOL  MASS  CONCENI5AnONS  OF  IHE  AEROSOL  MIXIURE 
AT  IHE  600  ing/m^3  TARGET  lEVEL 
(500  ing/nr3  PEL  AND  100  ing/rr3  GSRAHilTE:  CHAMBER  3) 


e:toure 

DAY 

OOi^C. 

Itig/nr3 

+/-SD 

N* 

%RSD 

MIN. 

nq/m^3 

MAX. 

ing/in^3 

% 

MEAN/TARGET 

1 

586 

37 

4 

6 

532 

616 

98 

2 

607 

46 

4 

8 

541 

643 

101 

3 

604 

18 

4 

3 

585 

629 

101 

4 

616 

5 

4 

1 

610 

623 

103 

5 

599 

15 

4 

2 

579 

613 

100 

6 

624 

11 

4 

2 

608 

632 

104 

7 

618 

21 

4 

3 

592 

638 

103 

8 

616 

17 

4 

3 

604 

641 

103 

9 

659 

17 

4 

3 

645 

680 

110 

10 

599 

26 

4 

4 

562 

622 

100 

11 

612 

19 

4 

3 

591 

634 

102 

12 

632 

16 

4 

3 

610 

648 

105 

13 

621 

24 

4 

4 

586 

640 

104 

14 

601 

52 

4 

9 

534 

656 

100 

15 

594 

23 

4 

4 

568 

613 

99 

16 

581 

23 

4 

4 

550 

601 

97 

17 

609 

21 

4 

3 

590 

633 

102 

18 

587 

15 

4 

3 

567 

603 

98 

19 

598 

22 

4 

4 

568 

615 

100 

20 

591 

22 

4 

4 

574 

622 

99 

21 

628 

47 

4 

7 

S99 

698 

105 

22 

585 

37 

4 

6 

.  5 

639 

98 

23 

618 

18 

4 

3 

ljO 

638 

103 

24 

586 

35 

4 

6 

538 

617 

98 

25 

609 

36 

4 

6 

559 

642 

102 

26 

589 

39 

4 

7 

536 

628 

98 

27 

625 

36 

4 

6 

575 

659 

104 

28 

620 

50 

4 

8 

554 

675 

103 

29 

640 

39 

4 

6 

586 

669 

107 

30 

628 

54 

4 

9 

557 

680 

105 

31 

590 

39 

4 

7 

547 

632 

98 

32 

614 

40 

4 

7 

557 

651 

102 

33 

639 

27 

4 

4 

603 

667 

107 

34 

623 

33 

4 

5 

576 

649 

104 

35 

599 

45 

4 

8 

544 

643 

100 

36 

571 

21 

4 

4 

547 

592 

95 

37 

586 

32 

4 

5 

558 

622 

98 

38 

613 

10 

4 

2 

601 

626 

102 

39 

620 

13 

4 

2 

601 

631 

103 

40 

634 

21 

4 

3 

603 

647 

106 

41 

593 

22 

4 

4 

563 

610 

99 

42 

607 

13 

4 

2 

598 

626 

101 

43 

603 

10 

4 

2 

595 

615 

101 

44 

606 

31 

4 

5 

574 

642 

101 

45 

627 

40 

4 

6 

594 

684 

105 

46 

594 

24 

4 

4 

566 

617 

99 

47 

619 

26 

4 

4 

587 

649 

103 

48 

572 

21 

4 

4 

544 

595 

95 

49 

581 

10 

4 

2 

573 

594 

97 

50 

599 

10 

4 

2 

586 

608 

100 

Measurements  taken  hourly  during  the  daily  4-hour  exposure  period 

STUDY  SUMMARY 


MEAN 

607 

Sro.  DEV. 

18.84 

%  PSD 

3.10 

N 

50 

MINIMUM 

532 

MAXIMUM 

698 

TABLE  A-4 


DAIL/  MEAN  AEROSOL  MASS  OC»)CENmAnCNS  OF  THE  AEROSOL  MIXIURE 
AT  THE  350  nn/lir3  TARGET  LEVEL 
(250  ing/m^3  PBL  AND  lOff  GRAHIETE:  CHAMBER  5) 


EXPOSURE  OONC.  +/-SD  N*  %RSD  MIN.  MAX.  % 

DAY  ing/m''3  ingt^3  ingi/m''3  MEAN/TARGET 


1 

335 

21 

4 

6 

307 

357 

96 

2 

339 

59 

4 

18 

270 

415 

97 

3 

320 

100 

5 

31 

150 

413 

91 

4 

331 

9 

4 

3 

325 

344 

95 

5 

352 

37 

4 

10 

328 

406 

101 

6 

362 

27 

4 

7 

346 

402 

103 

7 

382 

65 

5 

17 

314 

480 

109 

8 

338 

16 

4 

5 

314 

349 

97 

9 

369 

18 

4 

5 

346 

386 

105 

10 

361 

17 

4 

5 

342 

379 

103 

11 

371 

14 

4 

4 

350 

378 

106 

12 

361 

20 

4 

6 

338 

386 

103 

13 

348 

5 

4 

1 

340 

351 

99 

14 

351 

7 

4 

2 

343 

359 

100 

15 

352 

20 

4 

6 

334 

380 

101 

16 

346 

8 

4 

2 

338 

357 

99 

17 

329 

15 

4 

5 

308 

344 

94 

18 

357 

10 

4 

3 

351 

371 

102 

19 

368 

22 

4 

6 

335 

385 

105 

20 

372 

22 

4 

6 

353 

395 

106 

21 

355 

17 

4 

5 

337 

374 

101 

22 

335 

3 

4 

1 

332 

338 

96 

23 

365 

27 

4 

7 

327 

392 

104 

24 

346 

9 

4 

3 

338 

359 

99 

25 

344 

25 

4 

7 

319 

368 

98 

26 

350 

37 

4 

11 

310 

399 

100 

27 

336 

18 

4 

5 

320 

359 

96 

28 

341 

22 

4 

6 

319 

364 

97 

29 

371 

21 

4 

6 

349 

392 

106 

30 

351 

6 

4 

2 

343 

356 

100 

31 

351 

11 

4 

3 

336 

363 

100 

32 

359 

17 

4 

5 

338 

380 

103 

33 

351 

29 

4 

8 

309 

373 

100 

34 

356 

15 

4 

4 

336 

369 

102 

35 

348 

24 

4 

7 

328 

382 

99 

36 

336 

27 

4 

8 

301 

367 

96 

37 

342 

16 

4 

5 

332 

366 

98 

33 

374 

14 

4 

4 

365 

395 

107 

39 

364 

23 

4 

6 

345 

397 

104 

40 

335 

11 

4 

3 

320 

346 

96 

41 

345 

24 

4 

7 

311 

367 

99 

42 

344 

21 

4 

6 

323 

373 

98 

43 

343 

11 

4 

3 

333 

358 

98 

44 

338 

29 

4 

9 

311 

370 

97 

45 

340 

11 

4 

3 

332 

356 

97 

46 

.322 

16 

4 

5 

303 

339 

92 

47 

342 

12 

4 

4 

331 

355 

98 

48 

349 

19 

4 

5 

323 

368 

100 

49 

364 

24 

4 

7 

342 

393 

104 

50 

351 

14 

4 

4 

338 

367 

100 

Measurements  taken  hourly 

during  the  4-hour  exposure  period 

STUDY  SUEWARY 


MEAN 

350 

STD.  DGV. 

13.79 

%  RSD 

3.94 

N 

50 

MINIMUM 

150 

MAXIMUM 

480 

TABLE  A-5 


GC  ANAKifSIS  OF  PEL  FPCM  GFy^VIMBIKEC  FILTER  SAMPLES 
AT  THE  700  ing/m''3  TARGET  LEVEL 
(500  PBL  AND  200  ni^in^3  GRAPHITE:  CHAMBER  1) 


SAMPIE 

NUMBER 

EXPOSURE 

DAY 

AMOUNT 

OOIIECTED 

(ntg) 

VOLUME 

SAMPLED 

(L) 

SAMPIE 

CONC. 

(ing/in^3) 

PBL 

ANALYZED 

(mg) 

PBL 

OONC. 

(itq/nri) 

CHEM. 

/GRAV. 

RATIO 

004 

1 

54.4 

76.5 

711 

39.6 

518 

0.73 

018 

2 

51.4 

70.2 

732 

31.8 

453 

0.62 

033 

3 

53.3 

74.5 

715 

42.4 

569 

0.80 

051 

4 

51.8 

69.7 

743 

18.0 

258 

0.35 

069 

5 

50.4 

68.8 

733 

37.2 

541 

0.74 

083 

6 

58.0 

79.9 

726 

42.0 

526 

0.72 

099 

7 

53.6 

72.8 

736 

32.8 

451 

0.61 

117 

8 

52.3 

73.1 

715 

38.2 

523 

0.73 

133 

9 

55.6 

75.6 

735 

40.2 

532 

0.72 

147 

10 

51.2 

71.4 

717 

33.6 

471 

0.66 

165 

11 

55.0 

75.3 

730 

42.4 

563 

0.77 

179 

12 

53.3 

73.9 

721 

33.8 

457 

0.63 

197 

13 

54.4 

76.2 

714 

42.0 

551 

0.77 

213 

14 

54.1 

74.5 

726 

44.2 

593 

0.82 

230 

15 

52.2 

72.2 

723 

38.6 

535 

0.74 

246 

16 

60.7 

83.0 

731 

51.4 

619 

0.85 

260 

17 

62.0 

84.7 

732 

54.4 

642 

0.88 

277 

18 

57.6 

80.4 

716 

43.2 

537 

0.75 

293 

19 

60.9 

84.4 

722 

49.6 

588 

0.81 

310 

20 

63.7 

86.4 

737 

51.2 

593 

0.80 

323 

21 

59.3 

83.0 

714 

42.4 

511 

0.72 

339 

22 

60.6 

82.7 

733 

42.4 

513 

0.70 

357 

23 

60.3 

84.7 

712 

50.2 

593 

0.83 

371 

24 

59.3 

83.3 

712 

40.4 

485 

0.68 

387 

25 

55.4 

81.3 

681 

41.6 

512 

0.75 

406 

26 

57.3 

77.6 

738 

40.4 

521 

0.71 

419 

27 

58.3 

79.9 

730 

40.8 

511 

0.70 

438 

28 

54.0 

77.0 

701 

40.6 

527 

0.75 

453 

29 

54.8 

76.5 

716 

36.4 

476 

0.66 

470 

30 

58.2 

80.7 

721 

38.0 

471 

0.65 

484 

31 

59.0 

82.4 

716 

47.6 

578 

0.81 

500 

32 

59.4 

83.8 

709 

48.0 

573 

0.81 

518 

33 

60.0 

82.1 

731 

50.2 

611 

0.84 

532 

34 

58.6 

81.8 

716 

42.8 

523 

0.73 

547 

35 

54.8 

77.0 

712 

36.8 

478 

0.67 

563 

36 

57.8 

80.1 

722 

44.2 

552 

0.76 

580 

37 

57.8 

82.1 

704 

45.0 

548 

0.78 

5£8 

38 

61.7 

84.7 

728 

51.6 

609 

0.84 

614 

39 

59.6 

83.8 

711 

51.6 

616 

0.87 

630 

40 

60.6 

84.7 

715 

51.0 

602 

0.84 

643 

41 

61.6 

82.4 

748 

42.6 

517 

0.69 

661 

42 

60.8 

86.9 

700 

48.8 

562 

0.80 

677 

43 

62.6 

87.2 

718 

45.2 

518 

0.72 

692 

44 

63.5 

88.1 

721 

47.8 

543 

0.75 

707 

45 

62.1 

85.5 

726 

42.8 

501 

0.69 

726 

46 

54.8 

78.4 

699 

42.4 

541 

0.77 

742 

47 

58.0 

81.3 

713 

42.8 

526 

0.74 

757 

48 

54.5 

76.7 

711 

35.8 

467 

0.66 

773 

49 

56.4 

80.4 

701 

40.6 

505 

0.72 

789 

50 

57.5 

81.3 

707 

46.4 

571 

0.81 

MEAN 

STD.  DEV. 
%  RSD 

N 

MINIHUM 

MAXIMUM 

STUDY 

532 

62 

12 

50 

258 

642 

SUMMARY 

0.74 

0.09 

12.16 

50 

0.35 

0.88 

TABLE  A-6 


GC  ANALYSIS  OF  PEL  FPOM  GRAVIMEIK[C  FILTER  SAMPLES 
AT  THE  1200  TARGET  LEVEL 

(1000  ing/m^3  PBL  AND  200  ir^ra''3  GRAPHITE:  CHAMBER  2) 


AMOUNT 

VOLUME 

SAMPIE 

PBL 

PBL 

CHEM. 

SAMPIE 

EXPOSURE 

COIIECTED 

SAMPLED 

OONC. 

ANALYZED 

OCWC. 

/GRAY. 

NUMBER 

DAY 

(nq) 

(L) 

(nig/m''3) 

(mg) 

(ing/ni''3) 

RATIO 

008 

1 

64.6 

53.0 

1219 

62.4 

1177 

0.97 

024 

2 

65.8 

53.2 

1237 

49.6 

932 

0.75 

039 

3 

66.3 

53.5 

1239 

57.6 

1077 

0.87 

054 

4 

67.6 

53.0 

1275 

59.4 

1121 

0.88 

070 

5 

64.9 

53.2 

1220 

56.8 

1068 

0.88 

087 

6 

66.7 

53.8 

1240 

60.6 

1126 

0.91 

103 

7 

79.6 

67.4 

1181 

62.4 

926 

0.78 

121 

8 

83.0 

70.2 

1182 

69.2 

986 

0.83 

136 

9 

86.4 

70.2 

1231 

69.8 

994 

0.81 

152 

10 

90.1 

72.8 

1238 

77.4 

1063 

0.86 

168 

11 

90.7 

72.8 

1246 

75.2 

1033 

0.83 

183 

12 

88.0 

72.2 

1219 

67.0 

928 

0.76 

199 

13 

86.6 

71.6 

1209 

67.8 

947 

0.78 

216 

14 

87.2 

73.3 

1190 

72.6 

990 

0.83 

231 

15 

88.2 

72.8 

1212 

68.4 

940 

0.78 

248 

16 

87.4 

73.1 

1196 

78.8 

1078 

0.90 

263 

17 

87.8 

71.6 

1226 

76.6 

1070 

0.87 

281 

18 

91.1 

71.9 

1267 

86.4 

1202 

0.95 

295 

19 

88.8 

72.5 

1225 

74.8 

1032 

0.84 

311 

20 

88.4 

72.8 

1214 

77.6 

1066 

0.88 

330 

21 

74.9 

62.0 

1208 

73.8 

1190 

0.99 

346 

22 

76.0 

61.7 

1232 

68.6 

1112 

0.90 

362 

23 

80.6 

63.7 

1265 

64.0 

1005 

0.79 

377 

24 

79.4 

65.1 

1220 

74.0 

1137 

0.93 

392 

25 

79.0 

65.1 

1214 

63.6 

977 

0.81 

408 

26 

79.2 

65.1 

1217 

70.6 

1084 

0.89 

426 

27 

80.0 

64.0 

1250 

74.2 

1159 

0.93 

441 

28 

81.0 

63.7 

1272 

69.4 

1089 

0.86 

456 

29 

78.2 

64.3 

1216 

59.8 

930 

0.76 

474 

30 

79.6 

65.7 

1212 

63.4 

965 

0.80 

489 

31 

81.1 

66.6 

1218 

56.6 

850 

0.70 

503 

32 

82.8 

66.8 

1240 

68.4 

1024 

0.83 

521 

33 

79.9 

66.8 

1196 

68.0 

1018 

0.85 

538 

34 

82.0 

66.8 

1228 

73.6 

1102 

0.90 

553 

35 

79.7 

66.0 

1208 

68.2 

1033 

0.86 

568 

36 

79.9 

69.1 

1156 

76.2 

1103 

0.95 

585 

37 

81.6 

67.4 

1211 

73.6 

1092 

0.90 

602 

38 

75.0 

63.4 

1183 

61.2 

965 

0.82 

616 

39 

76.5 

64.9 

1179 

69.2 

1066 

0.90 

634 

40 

80.0 

67.4 

1187 

78.0 

1157 

0.98 

647 

41 

84.1 

67.1 

1253 

72.4 

1079 

0.86 

666 

42 

82.2 

67.7 

1214 

67.6 

999 

0.82 

682 

43 

84.4 

67.7 

1247 

68.4 

1010 

0.81 

696 

44 

88.3 

67.4 

1310 

66.2 

982 

0.75 

712 

45 

85.9 

67.7 

1269 

63.8 

942 

0.74 

728 

46 

83.3 

65.7 

1268 

66.6 

1014 

0.80 

746 

47 

80.6 

65.7 

1227 

63.4 

965 

0.79 

760 

43 

81.6 

65.4 

1248 

68.6 

1049 

0.84 

776 

49 

78.9 

65.7 

1201 

66.8 

1017 

0.85 

793 

50 

79.0 

65.1 

1214 

64.2 

986 

0.81 

STUDY 

SUMMARY 

1037 

0.85 

SID.  DEV. 

78 

0.07 

%  RSD 

8 

7.77 

N 

50 

50 

MINIMLIM 

850 

0.70 

MAXIMUM 

1202 

0.99 

TABLE  A-7 


GC  ANALYSIS  OF  PBL  FRCM  GRAVIMErRIC  FIIITER  SAMPLES 
AT  THE  600  Kig/m^3  TARGET  lEVEL 
(500  PBL  AND  100  irg/m^3  GRAPHITE:  CHAMBER  3) 


SAMPLE 

NUMBER 

EXPOSURE 

DAY 

AMOUNT 

CDLLECTED 

(mg) 

VOLUME 

SAMPLED 

(L) 

SAMPLE 

caoNC. 

(mg/in^3) 

PBL 

ANALYZED 

(ing) 

PBL 

cnNC. 

(ing/m-3) 

CHEM. 

/GRAV. 

RATIO 

010 

1 

70.1 

113.8 

616 

54.0 

475 

0.77 

026 

2 

73.2 

115.5 

634 

63.2 

547 

0.86 

042 

3 

71.5 

113.6 

629 

63.8 

562 

0.89 

059 

4 

68.8 

111.6 

616 

62.6 

561 

0.91 

074 

5 

69.1 

112.7 

613 

57.2 

508 

0.83 

090 

6 

69.9 

111.9 

625 

55.0 

492 

0.79 

109 

7 

82.2 

130.3 

631 

61.2 

470 

0.74 

123 

8 

78.8 

128.6 

613 

65.2 

507 

0.83 

139 

9 

82.1 

127.2 

645 

67.0 

527 

0.82 

158 

10 

80.8 

130.0 

622 

68.8 

529 

0.85 

174 

11 

79.5 

128.3 

620 

* 

189 

12 

79.9 

126.9 

630 

67.6 

533 

0.85 

203 

13 

79.9 

128.3 

623 

60.6 

472 

0.76 

220 

14 

71.6 

114.7 

624 

53.4 

466 

0.75 

236 

15 

76.4 

124.6 

613 

65.8 

528 

0.86 

254 

16 

74.7 

124.3 

601 

65.8 

529 

0.88 

270 

17 

75.7 

122.1 

620 

62.8 

514 

0.83 

284 

18 

70.2 

116.4 

603 

56.0 

481 

0.80 

300 

19 

77.5 

126.3 

614 

65.2 

516 

0.84 

318 

20 

74.3 

119.5 

622 

60.4 

505 

0.81 

331 

21 

74.3 

122.3 

608 

60.0 

491 

0.81 

348 

22 

75.3 

117.8 

639 

66.6 

565 

0.88 

364 

23 

71.4 

113.6 

629 

56.0 

493 

0.78 

382 

24 

70.4 

114.1 

617 

59.2 

519 

0.84 

395 

25 

67.4 

107.6 

626 

57.8 

537 

0.86 

414 

26 

67.8 

107.9 

628 

52.4 

486 

0.77 

427 

27 

69.8 

112.1 

623 

52.4 

467 

0.75 

443 

28 

71.0 

112.7 

630 

57.6 

511 

0.81 

459 

29 

69.0 

108.5 

636 

57.0 

525 

0.83 

475 

30 

74.2 

119.8 

619 

56.8 

474 

0.77 

492 

31 

77.4 

126.3 

613 

61.0 

483 

0.79 

507 

32 

77.9 

126.6 

615 

56.2 

444 

0.72 

525 

33 

74.3 

123.2 

603 

63.0 

511 

0.85 

540 

34 

80.9 

129.7 

624 

70.0 

540 

0.87 

555 

35 

72.2 

115.3 

626 

58.0 

503 

0.80 

573 

36 

77.3 

130.6 

592 

66.2 

507 

0.86 

590 

37 

81.0 

130.3 

622 

74.0 

568 

0.91 

604 

38 

79.7 

129.7 

614 

71.2 

549 

0.89 

620 

39 

78.4 

126.3 

621 

68.4 

542 

0.87 

637 

40 

79.1 

131.1 

603 

74.2 

566 

0.94 

652 

41 

80.8 

132.5 

610 

71.2 

537 

0.88 

667 

42 

78.9 

131.1 

602 

68.0 

519 

0.86 

686 

43 

82.6 

134.2 

615 

71.6 

534 

0.87 

700 

44 

82.7 

133.7 

619 

64.2 

480 

0.78 

718 

45 

83.2 

133.7 

622 

68.6 

513 

0.82 

731 

46 

77.7 

126.0 

617 

66.8 

530 

0.86 

747 

47 

77.8 

126.6 

615 

63.8 

504 

0.82 

766 

48 

74.1 

124.6 

595 

63.8 

512 

0.86 

780 

49 

76.7 

129.1 

594 

63.2 

490 

0.82 

796 

50 

76.6 

126.9 

604 

61.2 

482 

0.80 

*  Sairple  lost  in  prepeuration 


STUDY  SUMMARY 


MEAN 

512 

0.83 

STD.  rav. 

30 

0.05 

%  RSD 

6 

5.86 

N 

49 

49 

MIND1UM 

444 

0.72 

MAXIMUM 

568 

0.94 

TABI£  A-8 


GC  ANALYSIS  OF  PEL  FPOM  GRAVrHETRIC  FIIJER  SAMPLES 
AT  TOE  350  md/in''3  TARGET  LEVEL 
(250  ing/m"3  PEL  AND  100  ing/m"3  GRAHCETE;  CHAMEER  5) 


SAMPLE 

NUMBER 

EXPOSURE 

DAY 

AMOUNT 

COLLECTED 

(ing) 

VOLUME 

SAMPLED 

(L) 

SAMPLE 

OCX4C. 

(in3/nr3) 

PEL 

ANALYZED 

(nig) 

PEL 

OONC. 

(ing/m-3) 

CHEM. 

/GRAV. 

RATIO 

015 

1 

57.8 

161.7 

357 

39.0 

241 

0.68 

032 

2 

50.0 

147.0 

340 

30.8 

210 

0.62 

048 

3 

53.6 

148.1 

362 

35.2 

238 

0.66 

064 

4 

54.6 

158.9 

344 

37.0 

233 

0.68 

078 

5 

61.0 

:>  0.1 

406 

37.6 

250 

0.62 

094 

6 

54.9 

1-5.8 

352 

34.8 

223 

0.63 

111 

7 

81.7 

214-9 

380 

47.0 

219 

0.58 

127 

8 

61.8 

177.3 

349 

47.4 

267 

0.77 

146 

9 

64.2 

177  0 

363 

46.0 

260 

0.72 

161 

10 

68.5 

184 .  ) 

371 

39.8 

216 

0.58 

176 

11 

64.7 

171.: 

378 

37.0 

216 

0.57 

192 

12 

63.8 

174.5 

366 

33.8 

194 

0.53 

209 

13 

59.4 

169.1 

351 

34.0 

201 

0.57 

226 

14 

57.2 

159.4 

359 

40.2 

252 

0.70 

240 

15 

63.8 

167.7 

380 

43.2 

258 

0.68 

255 

16 

61.3 

171.6 

357 

39.4 

230 

0.64 

273 

17 

61.0 

177.3 

344 

48.4 

273 

0.79 

289 

18 

64.7 

174.2 

371 

50.2 

288 

0.78 

306 

19 

62.5 

166.8 

375 

47.2 

283 

0.76 

319 

20 

61.6 

174.5 

353 

40.4 

232 

0.66 

337 

21 

62.8 

172.8 

363 

44.0 

255 

0.70 

353 

22 

57.0 

168.8 

338 

35.6 

211 

0.62 

369 

23 

59.3 

161.4 

367 

45.6 

283 

0,77 

385 

24 

56.3 

156.9 

359 

38.0 

242 

0.67 

400 

25 

56.8 

156.9 

362 

39.4 

251 

0.69 

416 

26 

58.0 

165.1 

351 

33.0 

200 

0.57 

432 

27 

55.2 

153.8 

359 

31.0 

202 

0.56 

449 

28 

55.8 

153.5 

364 

* 

463 

29 

57.9 

162.0 

357 

33.4 

206 

0.58 

480 

30 

55.3 

155.2 

356 

36.8 

237 

0.67 

495 

31 

58.1 

163.4 

356 

33.4 

204 

0.57 

511 

32 

59.5 

164.0 

363 

35.2 

215 

0.59 

527 

33 

59.6 

162.6 

367 

37.4 

230 

0.63 

544 

34 

57.0 

155.8 

366 

37.2 

239 

0.65 

561 

35 

60.3 

157.7 

382 

36.6 

232 

0.61 

577 

36 

53.5 

145.8 

367 

36.6 

251 

0.68 

592 

37 

56.0 

153.2 

366 

36.4 

238 

0.65 

609 

38 

59.0 

161.7 

365 

42.8 

265 

0.73 

623 

39 

57.5 

160.3 

359 

35.2 

220 

0.61 

641 

40 

56.8 

164.3 

346 

43.6 

265 

0.77 

657 

41 

57.2 

161.1 

355 

36.8 

228 

0.64 

673 

42 

59.2 

158.9 

373 

40.4 

254 

0.68 

689 

43 

59.4 

165.7 

358 

39.6 

239 

0.67 

704 

44 

58.0 

164.0 

354 

38.8 

237 

0.67 

722 

45 

56.2 

158.0 

356 

41.6 

263 

0.74 

737 

46 

55.9 

165.1 

339 

40.8 

247 

0.73 

752 

47 

59.1 

166.5 

355 

38.6 

232 

0.65 

768 

48 

58.3 

158.6 

368 

39.6 

250 

0.68 

784 

49 

61.6 

164.0 

376 

41.2 

251 

0.67 

800 

50 

57.0 

158.3 

360 

38.6 

244 

0.68 

*  Saitple  lost  in  pir^^aration 


EIUDY  SUMMARY 


MEAN 

238 

0.66 

STD.  DEV. 

23 

0.06 

%  RSD 

10 

9.80 

N 

49 

49 

MINIMUM 

194 

0.53 

MAXIMUM 

288 

0.79 

:Y  OF  BODY  WEIGHT  GAINS  (g)  OF  MALE  RATS 
(EXPOSURE  PERIOD) 
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TABLE  A-11 

Y  OF  AVERAGE  DAILY  FOOD  CONSUMPTION  (g)  OF  KALE  RATS 
(EXPOSURE  PERIOD) 
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CO  O 

O'  Z 

eo  CM  o 

CA  O'  ^ 

lA  ^  O 
lA  *•  4^ 

5 

d 

04 

»■ 

CM 

o  ^■ 

CM 

CM 

d  CM 

CM 

41-47 

^  O  O 

04  Qk  ^ 

S® 

lA  <0  O 

o  •- 

e  «- 
CM 

tA  CM  O 

CM  lA  ^ 

d  d 

CM 

^  K  O 
«  CM  •- 

O'  CM 

o 

«>  *0  ^ 

«  « 

« 

^  O  O' 

4A  O 

'O  o 

lA  K  ^ 

*»  o  o 

^  40  ^ 

ss? 

A 

S"* 

d  d 

CM 

O'  CM 

27-33 

^  K  O 

O'  m  *- 

«  4 

OJ  ^ 

• 

s::® 

Rj~ 

20.88 

1.59 

10 

BgS 
•  • 

04  *-> 

CM 

:JS? 

4-  CM 

CM 

20-26 

5fcS 

^  r* 
fM 

Sf  O 
«  »- 

CM  ** 

oSS 

21.69 

1.38 

10 

20.87 

2.39 

10 

1 

<M  o 

O  lA  ♦- 

SIS? 

IM  CM  O 

O*  'O 

CO  ^  o 

lA  O  ^ 

SR? 

o 

CM 

O 

CM 

S'-' 

d  d 

CM 

O  CM 

rg 

1 

S>2 

fc52 

Q  CA  O 

CO  CA  r- 

^  O  O 

4-  4»  •• 

d  d 

2 "" 

d  d 

d  d 

CO  CM 

1-5 

19.06 

1.57 

10 

18.99 

1.83 

10 

CO  o 

«A  CA  •- 

CO  d 

O  lA  O 

O  ^  r- 

d  d 

17.65 

2.58 

10 

-TW 

lU 


% 

s 


i^‘= 

I 


S'S  •= 

8 


O 

tst 


8 


S 


ft  “ 


8 

fNi 


£•8  <= 
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8 
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TABLE  A-12 

y  OF  AVERAGE  DAILY  FOOD  CONSUMPTION  (g)  OF  MALE  RATS 


r> 

O  ol  c 

o  o  o 

04  r*  o 

00  O 

1 

04  VD  <H 

«  • 

04  04  »-4 

•  • 

OV  04  r-t 

•  • 

^  pH 

in 

Q\  iH 

<M 

fH  fH 

o>  o 

m 

04 

CN 

04 

I  ^ 


M 

o*  m  O 

Cl  fn  o 

O  P  o 

^  Cl  o 

H 

^  in  fh 

®  fH 

O  »-t 

cn  fh 

1 

•  • 

•  • 

•  • 

»  • 

00 

O  fH 

CM  Fi 

04  FH 

04  fH 

fH 

04 

04 

04 

CM 

o- 

rH 

^  OI  O 

®  vO  O 

f4  cn  o 

pH  pH  O 

pH 

\o  m  fh 

•-I  CM  fH 

ID  ^  fH 

m  ®  fH 

1 

•  • 

•  • 

•  • 

pH 

O 

pH 

04  fH 

cn  o 

pH 

oi 

04 

CM 

04 

fH 

Q 

>« 

•0 

o 

pH 

n  04  o 

^  cn  o 

cn  O 

CM  «  O 

fH 

04  04  fH 

fH  rH 

fh  m  fh 

^  ^ 

CO 

1 

V 

04  pH 

m  fh 

HT  pH 

o 

o 

fH 

04 

CM 

CM 

O 

fH 

H 

06 

U 

04 

o 

^  o^  o 

Hf  ®  O 

N  <h  o 

^  H  O 

fH 

00  04  fH 

^  ®  fH 

Cl  m  fh 

m  01  fh 

>4 

1 

0- 

«  • 

Ch  fH 

•  • 

04  fH 

•  • 

^  fH 

cn  o 

S 

Ch 

H 

04 

04 

CM 

o 

o 

u 

^o 

CM  04  O 

in  o 

iC  o  o 

fh  o 

K 

1 

10  fH  pH 

•  • 

Cl  in  fh 

•  • 

r>  m  pH 

•  • 

04  m  pH 
•  • 

o 

00  04 

O  fH 

O  fH 

fH  f4 

1 

(71 

•H 

CM 

04 

CM 

I 

I 


C  TJ  C 

CO  c 

CO  G 

C  *0  c 

<0  CD 

«  tt 

<9  a 

Id  n 

S 

o 

S 

d) 

6 

a 

a 

6 

20.64  21.99  23.83  22.79  22.44  21.70 

1.90  2.01  1.97  1.42  1.39  1.80 


TABLE  A-13 

SUMMARY  OF  LUNG/ BODY  WEIGHT  RATIOS  OF  MALE  RATS 


PERIOD 

GROUP 

GRAPHITE 

PBL 

LUNG  WEIGHT/BODY  WEIGHT 

mg/m’ 

mg/m’ 

(X  100) 

Poat-Exp 

I 

0 

0 

mean 

0.63 

ad 

0.14 

n 

10 

II 

100 

250 

mean 

0.73 

ad 

0.07 

n 

10 

IIT 

100 

500 

mean 

0.82 

8d 

0.08 

n 

10 

IV 

200 

500 

mean 

0.87 

ad 

0.07 

n 

10 

V 

200 

1000 

mean 

0.85 

ad 

0.05 

n 

10 

Post-Rec 

I 

0 

0 

mean 

0.58 

ad 

0.08 

n 

10 

II 

100 

250 

mean 

0.70 

ad 

0.06 

n 

10 

III 

100 

500 

mean 

0.77 

ad 

0..''2 

n 

10 

IV 

200 

500 

mean 

0.82 

ad 

0.08 

n 

10 

V 

200 

1000 

mean 

0.84 

ad 

0.14 

TABLE  A-14 

SUMMARY  OF  CLINICAL  CHEMISTRY  TESTS  OF  MA7^E  RATS 

(PARAMETER  SET  A) 


PERIOD  CROUP 


Post'Exp  I 


GRAPHITE 


1 1  100  2S0 


11 1  100  500 


IV  200  500 


V  200  1000 


PosfRec  1 


II  100  250 


III  100  500 


IV  200  500 


PBL 

« 

CK 

ALP 

ALT 

BUM 

CREA 

CLU 

TP 

mg/nu 

A 

mean 

137.60 

300.60 

83.40 

15.83 

0.64 

189.61 

7.12 

ad 

53.11 

32.67 

39.33 

1.75 

0.08 

34.76 

0.23 

n 

10 

10 

10 

10 

10 

10 

10 

250 

mean 

156.40 

306.40 

83.80 

17.31 

0.66 

157.07 

7.01 

ad 

55.54 

26.31 

42.00 

1.05 

0.08 

35.42 

0.19 

n 

10 

10 

10 

10 

10 

10 

10 

500 

mean 

164.50 

299.00 

55.10 

15.62 

0.64 

173.52 

7.14 

ad 

82.62 

30.92 

12.96 

1.37 

0.06 

33.43 

0.30 

n 

10 

10 

10 

10 

10 

10 

10 

500 

mean 

225.90 

300.40 

85.40 

17.29 

0.69 

178.98 

6.81 

sd 

135.63 

27.81 

48.56 

1.62 

0.14 

40.79 

0.26 

n 

10 

10 

10 

10 

10 

10 

10 

1000 

mean 

95.20 

300.50 

53.20 

16.76 

0.62 

172.90 

6.81 

ad 

22.79 

26.51 

7.15 

1.38 

0.06 

53.07 

0.13 

0 

n 

10 

10 

10 

10 

10 

10 

10 

mean 

155.70 

303.20 

79.50 

17.27 

0.73 

182.42 

7.19 

ad 

141.54 

36.61 

30.90 

1.45 

0.10 

37.60 

0.23 

n 

10 

10 

10 

10 

10 

10 

10 

250 

mean 

122.10 

310.80 

74.20 

17.50 

0.66 

165.84 

7.21 

ad 

59.34 

22.05 

28.70 

1.39 

0.08 

23.02 

0.25 

n 

10 

10 

10 

10 

10 

10 

10 

500 

mean 

152.90 

301.80 

70.30 

18.44 

0.70 

160.81 

7.19 

ad 

129.47 

36.58 

21.86 

1.77 

0.06 

21.52 

0.22 

n 

10 

10 

10 

10 

10 

10 

10 

500 

mean 

125.40 

287.80 

61.20 

17.65 

0.69 

173.75 

7.02 

sd 

80,75 

26.49 

19.75 

1.68 

0.07 

45.70 

0.37 

n 

10 

10 

10 

10 

10 

10 

10 

1000 

mean 

117.60 

307.40 

61.40 

17.82 

0.69 

155.45 

7.09 

ad 

51.83 

24.02 

11.88 

1.65 

0.06 

41.92 

0.10 

n 

10 

10 

10 

10 

10 

10 

10 

CK  ■  Creatin*  kinate  (Intarnatfooal  unita/litar  sarun) 

AlP  ■  Alkal (na  phosphataae  (Intarnatlonal  wilta/liter  aerun) 

ALT  ■  Alanine  aaiinotransferase  (international  tnits/liter  aerun) 
BUN  ■  Uraa  nitrogen  (MllligraM  nitrogen/deci I  iter  aerun) 


CREA  ■  Creatinine  (milllgrim/decillter  aerim) 

CLU  ■  Glucoae  (•illigrm/deciliter  aerm) 

TP  ■  Total  protein  (grana  protein/deeiliter  serua) 


TABLE  A-14 
(Continued) 

SUMMARY  OF  CLINICAL  CHEMISTRY  TESTS  OF  MALE  RATS 

(PARAMETER  SET  B) 


PERIOD 

GROUP 

GRAPHITE 

mg/ffl^ 

PBl, 

mg/m'* 

ALBG 

CHOL 

TRIG 

CA 

TBA 

PHOS 

SOH 

Post-Exp 

I 

0 

0 

mean 

4.27 

43.76 

183.78 

12.13 

21.81 

9.52 

56.51 

sd 

0.12 

2.77 

29.63 

0.52 

8.21 

1.31 

55.95 

n 

10 

10 

10 

10 

10 

10 

10 

11 

100 

250 

mean 

4.24 

42. &3 

188.30 

11.75 

16.28 

8.29 

49.35 

ad 

0.15 

4.54 

44.72 

0.35 

4.51 

1.16 

34.07 

n 

10 

10 

10 

10 

10 

10 

10 

111 

100 

500 

mean 

4.29 

41.06 

176.61 

12.03 

15.18 

8.64 

26.85 

ad 

0.16 

2.19 

27.39 

0.30 

2.10 

0.67 

11.51 

n 

10 

10 

10 

10 

10 

10 

10 

IV 

200 

500 

mean 

4.17 

38.21 

180.52 

11.59 

20.09 

3.52 

61.52 

sd 

0.13 

3.95 

24.24 

0.28 

10.69 

1.02 

54.4? 

n 

10 

10 

10 

10 

10 

10 

10 

V 

200 

1000 

mean 

4.12 

38.33 

178.04 

11.06 

14.64 

9.01 

24.69 

sd 

0.15 

2.58 

42.70 

0.41 

2.86 

1.32 

7.27 

n 

10 

10 

10 

10 

10 

10 

10 

Post-Rec 

1 

0 

0 

mea.1 

4.41 

47.17 

168.02 

11.79 

20.57 

7.73 

43.65 

sd 

0.13 

5.50 

21.34 

0..»8 

7.53 

1.28 

26.67 

n 

10 

10 

10 

10 

10 

10 

10 

II 

100 

250 

mean 

4.34 

45.77 

171.68 

11.88 

15.79 

7.05 

38.58 

sd 

0.15 

3.53 

18.66 

0.23 

3.98 

0.68 

22.93 

n 

10 

10 

10 

10 

10 

10 

10 

III 

100 

500 

mean 

4,31 

45.72 

162.31 

11.73 

1.5.00 

6.97 

36.39 

sd 

0.14 

3.95 

25.27 

0.25 

4.42 

0.95 

20.60 

n 

10 

10 

’0 

10 

10 

10 

10 

IV 

200 

500 

mean 

4,21 

44.80 

169,86 

11.60 

16.95 

7.58 

27.65 

sd 

0.24 

3.48 

27.74 

0.41 

6.98 

1.46 

20.81 

n 

10 

10 

1C 

10 

10 

10 

10 

V 

200 

1000 

mean 

4.34 

43.19 

161. 6<. 

11.63 

15.52 

6.31 

28.68 

sd 

0.10 

3.68 

15.10 

0.28 

1.64 

0.92 

9.99 

n 

10 

10 

10 

10 

10 

10 

10 

ALBG  ■  Albunin  (grams/deci If  ter  serum)  PHOS  •  Ifwrgsnfc  pnosphate  (milligrams  phosphste/deef I  iter  serun) 

CHOL  ■  Cholesterol  (nlUigrains/deciliter  serun)  sOM  a  sorbitol  liehvdrogerase  (international  units/Uter  serun) 

TRIG  ■  Triglycerides  (milligrams/deciliter  serun)  TBA  «  Total  bile  ncids  (mieromoles/liter  serun) 

CA  ■  Calciun  (milligrams/deciliter  serun) 


TABLE  A- 15 

SUMMARY  OF  HEMATOLOGY  TESTS  OF  MALE  RATS 


PERIOD  GROUP  GRAPHITE  PBL,  UBC  RBC  HGB  HOT  MOV  NCH  NCHC  PIT 

ifQ/nr  mg/iif' 

Post'Exp  I  0  0 

lOMn  8.AA  9.12  16.16  66.90  69.23  17.73  36.01  781.70 

sd  1.68  0.62  0.S2  2.10  0.56  J.61  0.76  36.72 

n  10  10  10  10  10  10  10  10 

1 1  100  250 

mean  8.38  9.01  15.78  a.30  69.17  17.53  35.66  782.20 

sd  1.56  0.39  0.51  1.97  0.56  0.39  0.76  51.27 

n  10  10  10  10  10  10  10  10 

MI  100  500 

mean  8.62  9.17  16.16  a.a7  68.95  17.62  36.01  803.60 

sd  1.06  0.36  0.65  1.85  0.68  0.65  0.87  28.86 

n  10  10  10  10  10  10  10  10 

IV  200  500 

man  8.78  9.13  16.00  66.86  69.13  17.53  35.69  739.11 

sd  1.66  0.18  0.56  0.77  0.51  0.56  1.00  68.70 

n*  99999999 

V  200  1000 

man  9.67  8.85  15.61  63.36  69.03  17.66  36.02  769.10 

sd  0.98  0.66  0.66  2.00  0.38  0.33  0.62  36.66 

n  10  10  10  10  10  10  10  10 

Post'Rac  I  0  0 

man  7.61  8.72  15.70  63.60  50.00  18.01  36.02  771.50 

sd  1.06  0.21  0.32  0.95  0.52  0.32  0.35  67.68 

n  10  10  10  10  10  10  10  10 

I I  100  250 

man  8.75  8.89  15.87  U.15  69.65  17.86  35.96  773.80 

sd  0.87  0.37  0.50  1.72  0.52  0.61  0.66  39.28 

n  10  10  10  10  10  10  10  10 

III  100  500 

man  8.60  8.83  15.79  63.91  69.72  17.88  35.95  767.00 

sd  0.73  0.19  0.66  1.10  0.62  0.23  0.31  65.22 

n*8  8  8  6  8  8  8  8 

IV  200  500 

man  9.31  8.63  15.69  62.96  69.76  17.96  36.08  793.89 

sd  1.25  0.38  0.66  1.80  0.37  0.17  0.35  56.61 

n*  99999999 

V  200  1000 

man  9.36  8.89  15.85  63.97  69.68  17.83  36.06  769.50 

sd  1.11  0.25  0.66  1.68  0.50  0.26  0.39  38.20 

n  10  10  10  10  10  10  10  10 

a  One  (Group  IV,  Post-Exposure  and  Post -Recovery)  or  two  (Group  III  Post -Recovery)  clotted  sainplea  could  not  be 
anslyted. 

UBC  ■  White  blood  cell  count  (thousands  of  cells/cubic  MiUimter  blood) 

RBC  a  Red  blood  cell  count  (Millions  of  cells/cubic  miUimter  blood) 

HGB  a  Hemglobin  (grans/deciliter  blood) 

HCT  •  Hetnatocrit  (percent) 

MCV  a  Mean  corpuscular  volune  (ciioic  Microns) 

HCH  a  Mean  corpuscular  heaioglobin  (picogram) 

MCHC  a  Mean  corpuscular  heaioglobin  concentration  (percent) 

PIT  a  Platelet  count  (thousands  of  cells/cubic  MiUimter  blood) 


TABLE  A- 16 

SUMMARY  OF  HEMATOLOGY  WBC  DIFFERENTIAL  COUNTS  OF  MALE  RATS 


PERIOD  CROUP 

GRAPHITE 

PBL 

m^/nr 

WBC 

HRBC 

NEUT 

LYHPH 

MONO 

EOS 

BASO 

IMNEUT 

Poat'Exp  1 

0 

0 

mean 

8.A4 

0.07 

1.80 

6.30 

0.29 

0.06 

0.00 

0.00 

&d 

1.48 

0.12 

0.41 

1.34 

0.13 

0.04 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

10 

II 

TOO 

250 

Man 

8.38 

0.02 

2.02 

6.04 

0,27 

0.05 

0.00 

0.00 

ad 

1.56 

0.05 

0.63 

1.15 

0.12 

o.o: 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

10 

III 

TOO 

SOO 

Man 

8.62 

0.07 

2.02 

6.26 

0.27 

0.08 

0.00 

0.00 

ad 

1.06 

0.05 

0.25 

1.12 

0.12 

0.05 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

10 

IV 

200 

500 

Man 

8.78 

0.01 

2.00 

6.44 

0.28 

0.05 

0.00 

0.00 

ad 

1.64 

0.03 

0.70 

0.95 

0.14 

0.07 

0.00 

0.00 

n* 

9 

9 

9 

9 

9 

9 

9 

9 

V 

200 

1000 

Man 

9,67 

0.03 

2.22 

6.99 

0.39 

0.08 

0.00 

0.00 

ad 

0.98 

0.04 

0.38 

0.82 

0.11 

0.07 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

10 

Poat-lac  I 

0 

0 

Man 

7.61 

0.06 

1.61 

5.48 

0.47 

0.06 

0.00 

0.00 

ad 

1.04 

0.04 

0.33 

0.75 

0.12 

0.08 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

10 

II 

100 

250 

Man 

8.75 

0.06 

2.11 

6.04 

0.52 

0.09 

0.00 

0.00 

ad 

0.87 

0.06 

0.33 

0.60 

0.20 

0.07 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

10 

III 

100 

500 

Man 

8.60 

0,07 

2.43 

5.57 

0.50 

0.12 

0.00 

0.00 

ad 

0.73 

0.03 

0.52 

0.36 

0.11 

0.12 

0.00 

0.00 

n* 

8 

8 

8 

8 

8 

8 

8 

8 

IV 

200 

500 

Man 

9.31 

0.03 

2.62 

6.00 

0.63 

0.06 

0.00 

0.00 

ad 

1,25 

0.04 

0.40 

1.12 

0.15 

0.05 

0.00 

0.00 

9 

9 

9 

9 

9 

9 

9 

9 

V 

200 

1000 

laan 

9.34 

0  03 

2.78 

6.03 

0.44 

0.09 

0.00 

o.oc 

ad 

1.1T 

0,05 

0.71 

0.95 

0.17 

0.08 

0.00 

0.00 

0 

10 

10 

10 

10 

10 

10 

10 

10 

a  Ona  <Group  IV,  Poat'Expoaura  an)  Poat'lacovary)  or  (Croup  III 

Roat-Racovary)  elottad  aaaplea 

could  not  ba 

analyiad. 

lAC  •  Whita 

blood  cal  1 

count  tthouaanda  of  callt/cwblc 

■llllwttr  blood) 

•MIC  ■  rad  ulood  ctUi  (ihnuiandi  of  collt/r.ubic  ■llllwttr  bloody 

•CUT  ■  Mtutrophll*  (thoutando  of  ctItt/cubU  ■llliMtor  blood) 

LYN^N  ■  lyo^ocyitt  (thoutandt  of  callt/euble  MiUlaatar  blood) 

NOHb  ■  Mono<yta«  (thotManda  of  eallt/eubic  •!('.  laotor  blood) 
lot  ■  f oalnofifil U  (ih<iiaanda  of  ca’  t/ccfilc  •llllaatar  blood) 
fUtO  *  Baaoohllf  (thowtaryfa  of  ctlla/ciiilc  ■flllMtor  blood) 

IfMOY  •  iMBaiura  naotroffilla  (tfiouoanda  of  callt/ciAlc  ■llllwttr  blood) 


i 


TABLE  A- 17 

SUMMARY  OF  PULMONARY  LAVAGE  PARAMETERS  IN  MALE  RATS 


TOTAL 

X 

X 

X 

X 

X 

LAVAGE 

VIABLE 

TOTAL 

VIABLE 

MACRO¬ 

LYMPHO¬ 

NEUTRO¬ 

OTHER 

FLUID 

PERIOD  GROUP 

GRAPHITE 

PBL^ 

CELLS 

CELLS 

CELLS 

PHAGES 

CYTES 

PHILS 

PROTEIN 

tm/m'' 

mg/m^ 

(x  lO'^) 

(X  lO'^) 

(ug/ml) 

Post-Exp  1 

0 

0 

mean 

2.24 

2.26 

98.64 

99.70 

0.30 

0.00 

o.no 

177.97 

sd 

0.75 

0.75 

2.24 

0.67 

0.67 

0.00 

0.00 

63.59 

n 

10 

10 

10 

10 

10 

10 

10 

10 

II 

100 

250 

mean 

9.20 

9.66 

95.59 

91.80 

0.00 

8.20 

0.00 

426.17 

sd 

3.85 

4.12 

3.12 

19.11 

0.00 

19.11 

0.00 

110.12 

n 

10 

10 

10 

10 

10 

10 

10 

10 

III 

100 

500 

mean 

8.19 

8.74 

93.57 

92.70 

0.00 

7.30 

0.00 

483.50 

sd 

'..30 

1.27 

3.63 

16.14 

0.00 

16.14 

0.00 

143.89 

n 

10 

10 

10 

10 

10 

10 

10 

10 

IV 

200 

500 

man 

10.04 

10.93 

92.75 

73.90 

0.50 

25.60 

0.00 

523.00 

8d 

2.10 

2.71 

4.90 

22.85 

1.27 

22.01 

0.00 

88.40 

n 

10 

10 

10 

10 

10 

10 

10 

10 

V 

200 

1000 

man 

9.26 

10.02 

92.87 

88.30 

0.00 

11.70 

0.00 

501.64 

ad 

2.26 

2.62 

2.67 

12.20 

0.i>0 

12.20 

0.00 

71.58 

n 

10 

10 

10 

10 

10 

10 

10 

10 

Post-R«c  I 

0 

0 

man 

1.68 

1.73 

96.99 

99.50 

0.20 

0.30 

0.00 

255.27 

ad 

0.48 

0.49 

2.51 

0.85 

0.42 

0.67 

0.00 

198.39 

n 

10 

10 

10 

10 

10 

10 

10 

10 

II 

100 

250 

man 

7.27 

7.70 

94.84 

77.10 

0.00 

22.90 

0.00 

465.59 

ad 

1.44 

1.67 

2.49 

10.48 

0.00 

10.48 

0.00 

173.79 

n 

10 

10 

10 

10 

10 

10 

10 

10 

III 

100 

500 

man 

7.58 

7.88 

95.86 

84.90 

1.70 

15.40 

0.00 

425.05 

ad 

0.95 

1.15 

2.11 

13.55 

5.38 

12.19 

0.00 

106.79 

n 

10 

10 

10 

10 

10 

10 

10 

10 

IV 

200 

500 

•tan 

8.24 

8.81 

95.68 

75.20 

0.00 

24.80 

0.00 

451.09 

ad 

1.96 

2.19 

2.51 

8.47 

0.00 

8.47 

0.00 

106.52 

n 

10 

10 

10 

10 

10 

10 

10 

10 

V 

200 

1000 

man 

8.15 

8.79 

92.87 

81.80 

0.00 

18.20 

0.00 

545.53 

sd 

2.15 

2.58 

3.00 

16.77 

0.00 

16.77 

0.00 

88.08 

fi 

10 

10 

10 

10 

10 

10 

10 

10 

TABLE  A“18 


LIST  OF  ABBREVIATIONS  ACCORDING  TO  SURTECT  AREAS 


Experimental  Design 


PBL 

EXP 

REC 

LAV 

PATH 

PF 


petroleum-based  liquid 

post-exposure 

post-recovery 

designated  for  pulmonary  lavage  i 
designated  for  pathology,  clinical  patlv:logy  and 
(recovery  rats  only)  food  consumpzi jn 
designated  for  pulmonary  function  tests 


Lung  Weight 

LUNG/BW  -  lung  to  body  weight  ratio  (x  100) 


Clinical  Chemistry 


CK 

ALP 

ALT 

BUN 

CREA 

GLU 

TP 

ALBG 

CHOL 

TRIG 

CA 

PHOS 

SDH 

TBA 


creatine  kinase  (international  units/liter  serum) 
alkaline  phosphatase  (international  units/liter  serum) 
alani’-e  aminotransferase  (international  units/liter 
seru’ 

urea  .iitrogen  (milligrams  nitrogen/deciliter  serum) 

creatinine  (milligraros/deciliter  serum) 

glucose  (milligrams/deciliter  serum) 

total  protein  (grams  protein/deciliter  serum) 

albumin  (grams/deciliter  serum) 

cholesterol  (milligrams/deciliter  serum) 

triglycerides  (roilligrams/decilitcr  serum) 

calcium  (milligrams/deciliter  serum) 

inorganic  phosphate  (milligrams  phosphate/deciliter 

serum) 

sorbitol  dehydrogenase  (international  units/liter  serum) 
total  bile  acids  (micromoles/liter  serum) 


Hematology 


WBC 

BBC 

HGB 

,iCT 

MCV 

MCH 

MCHC 

PLT 


White  blood  cell  count  (thousands  of  cells/cubic 
millimeter  blood) 

red  blood  cell  count  (millions  of  cells/cubic  millimeter 
blood) 

hemoglobin  (grams/declliter  blood) 
hematocrit  (percent) 

mean  corpuscular  volume  (cubic  microns) 

mean  corpuscular  hemoglobin  (picograms) 

mean  corpuscular  hemoglobin  concentration  (percent) 

platelet  count  (thousands  of  cells/cubic  millimeter 

blood) 


TABLE  A-18 
(Continued) 


Hematology  Differential  count 


WBC 

NRBC 

NEUT 

LYMPH 

MONO 

EOSIN 

BASO 

IMNEUT 


White  blood  cell  count  (thousands  of  cells/cubic 

millimeter  blood  =  thsn/cmm) 

nucleated  red  blood  cells  (thsn/cmm) 

neutrophils  (thsn/cmm) 

lymphocytes  (thsn/cmm) 

monocytes  (thsn/cmm) 

eosinophils  (thsn/cmm) 

basophils  (thsn/cmm) 

immature  neutrophils  (thsn/cmm) 


Pulmonary  Function 


TLC 

RV 

DLCO 

VCGAS 

VCPV 

CPK 

CCHORD 

FVC 

FEV50 

FEVlOO 

FEV200 

FEV400 

PEF 

MMEF 

VPEF 

FEF75 

FEF50 

FEF25 

FEFIO 

EEV 


total  lung  capacity  (ml) 
residual  volume  (ml) 

diffusion  capacity  for  carbon  monoxide  (ml/min*torr) 
vital  capacity  (ml) (gas  dilution-derived) 
vital  capacity  (pressure-volume  derived)  (ml) 
peak  compliance  (ml/cm  H2O) 

compliance  (tangent)  at  0  to  10  cm  H2O  (ml/cm  H2O) 
forced  vital  capacity  (ml) 

forced  expiratory  volume  at  50  msec  of  expiration  (ml  @ 
50  msec) 

forced  expiratory  volume  at  100  msec  of  expiration  (ml  @ 
100  msec) 

forced  expiratory  volume  at  200  msec  of  expiration  (ml  @ 
200  msec) 

forced  expiratory  volume  at  400  msec  of  expiration  (ml  @ 
400  msec) 

peak  expiratory  flow  (ml/sec) 
mean  mid-expiratory  flow  (ml/sec) 
volume  at  PEF  (ml) 

forced  expiratory  flow  at  75%  of  remaining  FVC  (ml/sec) 

forced  expiratory  flow  at  50%  of  remaining  FVC  (ml/sec) 

forced  expiratory  flow  at  25%  of  remaining  FVC  (ml/sec) 

forced  expiratory  flow  at  10%  of  remaining  FVC  (ml/sec) 

end  expiratory  volume  (ml) 


I 
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FINAL  PATHOLOGY  REPORT 


THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY 
WITH  AEROSOL  MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 


IMTROPVCHO.N 

This  report  by  Pathology  Associates «  Inc.  (PAI)  to  IIT  Research 
Institute  (IITRI) ,  10  West  35th  Street,  Chicago,  Illinois,  60616- 
3799,  presents  the  results  of  pathology  support  for  IITRI  Project 
Number  L06234,  Study  Number  3. 


EXPERIMENTAL  DESIGN  AND  METHODS 

This  study  used  one  hundred  male  F344/N  rats  which  were  divided 
into  ten  groups  of  ten  animals  each  (see  Attachment  1,  Summary  of 
Experimental  Design) .  Each  group  was  exposed  by  whole  body  inhala¬ 
tion  to  filtered  air  (negative  control)  or  a  combination  of 
petroleum-based  liquid  (fog  oil)  and  graphite.  Exposures  were  4 
hours/ day,  4  days/week  for  13  weeks.  At  the  conclusion  of  the  ex¬ 
posure  period,  fifty  animals  (post-exposure  study)  were  killed  via 
asphyxiation  with  carbon  dioxide  and  subjected  to  a  complete 
necropsy.  The  remaining  fifty  animals  (recovery  study)  were 
allowed  a  6  week  recovery  period  following  the  last  exposure  be¬ 
fore  being  killed  and  necropsied. 

All  protocol  required  tissues  (see  Attachment  2)  were  preserved  in 
10%  neutral  buffered  formalin.  After  thorough  fixation,  all  proto¬ 
col  required  tissues  from  anlnals  in  the  post-exposure  and  recov¬ 
ery  studies  were  processed,  embedded  in  paraffin,  sectioned  at 
approximately  5  and  stain«id  with  hematoxylin  and  eosin  (H£E) . 
These  tissues  were  then  examined  microscopically.  Bronchial  lymph 
nodes  were  taken  as  pulmonary  lymph  nodes.  Mediastinal  lymph  nodes 
were  collected  and  examined  only  if  they  contained  a  gross  lesion. 

Microscopic  findings  for  all  groups  examined  are  summarized  in  the 
Project  Summary  Tables  (Section  II),  The  mean  group  severity 
scores,  determined  by  dividing  the  sum  of  all  severity  scores  for 
a  finding  by  the  number  of  tissues  examined,  are  found  in  the 
Severity  Summary  Tables  (Section  III) .  Microscopic  diagnoses  for 
protocol  required  tissues  for  individual  animals  are  presented  in 
the  Tabulated  Animal  Data  Table  (Section  XV) .  Microscopic 
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diagnoses  are  correlated  with  gross  lesions,  when  possible,  in  the 
Correlation  of  Gross  and  Microscopic  (Micro)  Findings  Table 
(Section  V) .  The  codes  used  as  entries  in  these  tables  are  ex** 
plained  in  the  Reports  Code  Table  (Attachment  4)  .  Abbreviations 
used  in  the  tables  are  explained  in  the  Abbreviation  List 
(Attachment  5)  . 


EESULaiS 
Gross  Lesions 

Observations  at  necropsy  which  were  associated  with  exposure  to 
graphite-fog  oil  combinations  were  size  and  color  changes  in  lungs 
and  lymph  nodes  (pulmonary  and  mediastinal  lymph  nodes) .  These  are 
summarized  in  the  Summary  of  Gross  Lesions  (Attachment  3) .  Gray  to 
blac]c  discoloration  in  lungs  and  lympn  nodes  was  attributed  to 
exposure  to  graphite.  Enlarged  lymph  nodes  were  associated  with 
lymphoid  hyperplasia  and  increased,  graphite-laden,  macrophages. 

Diagnostic  Terms 

Morphologic  features  of  terms  which  follow  are  presented  to  aid  in 
interpreting  data  in  the  tables.  The  terms  listed  here  were  not 
necessarily  associated  with  the  test  article. 

Nose 

Hyperplasia  of  goblet  cells  refers  to  an  increase  in  number  of 
mucus-producing  goblet  cells  in  the  respiratory  epithelium. 

Lymph  Nodes 

Hyperplasia  of  lymph  nodes  was  characterized  by  enlargement  due 
to  increased  numbers  of  lymphocytes  and  plasma  cells.  Germinal 
centers  were  Increased  in  size  and  number.  Granulomas  were  foci 
of  large  activated  macrophages  (histiocytes)  which  contained 
abundant  pale  cytoplasm  and  a  single,  usually  reniform  nucleus. 
Granulomas  occurred  in  bronchial  and  mediastinal  lymph  nodes  and 
within  peribronchiolar  lymphoid  tissue  in  the  lung.  They  did  not 
contain  multinucleated  giant  cells,  but  did  contain  graphite 
pigment. 

Lung 

Epithelial  hyperplasia  in  the  lung  occurred  in  alveoli  and  ter¬ 
minal  bronchioles.  Hyperplastic  alveolar  epithelial  cells  were 
enlarged,  with  abundant  pale  or  vacuolated  cytoplasm.  They  had  a 
generally  oval  to  rectangular  shape  and  oval  nucleus.  Hyperpla¬ 
sia  of  epithelium  in  terminal  bronchioles  consisted  of  crowded, 
enlarged  epithelial  cells.  Epithelial  hyperplasia  in  terminal 
bronchioles  was  often  associated  wich  clusters  of  graphite-laden 
macrophages.  Granulomatous  inflammation  in  the  lung  was  charac¬ 
terized  by  aggregates  of  activated  macrophages  containing 
graphite.  These  were  randomly  distributed  in  the  lung  and  were 


Final  Pathology  Report 
I  IT  Research  Institute 
L06234,  study  Number  3 


found  in  alveoli.  Perivascular  inflammation  was  used  to  describe 
areas  of  inflammation  composed  of  macrophages,  lymphocytes,  and 
neutrophils.  These  varied  from  very  small  to  large,  and  gener¬ 
ally  had  a  perivascular  distribution.  The  infiltrates  tended  to 
extend  into  adjacent  alveolar  walls  and  spaces.  In  these  areas, 
the  alveolar  epithelium  was  slightly  hyperplastic. 

Pigment 

Pigment  was  a  granular  black  material  seen  within  macrophages  in 
alveoli,  interstitium,  and  lymphoid  tissue  of  the  lung  or  in 
mediastinal  or  bronchia]  lymph  nodes.  It  occurred  only  in  groups 
receiving  graphite.  Its  appearance  is  typical  of  graphite,  and 
it  was  interpreted  as  graphite. 

Kidney 

Hyaline  droplets  were  small  to  large  homogeneous  eosinophilic 
droplets  in  the  cytoplasm  of  proximal  tubular  epithelium.  Some 
were  very  large  and  appeared  to  have  been  intratubular  rather 
than  intracytoplasmic. 

The  remainder  of  the  diagnoses  used  in  this  study  were  considered 

to  be  self-explanatory,  and  were  not  discussed  in  this  section. 


Histcpathology 

Hyperplasia  of  goblet  cells  occurred  in  the  respiratory  epithelium 
of  the  nasal  septum  in  the  first  and  second  nasal  sections  and  in 
the  pharyngeal  duct  in  the  third  nasal  section.  It  did  not  occur 
in  negative  control  animals  in  either  the  post-exposure  or  recov¬ 
ery  studies.  The  incidence  of  goblet  cell  hyperplasia  was  similar 
in  all  groups  exposed  to  graphite  and  fog  oil  in  both  post¬ 
exposure  and  recovery  studies.  Resolution  of  this  change  appeared 
to  have  begun  during  the  recovery  period,  as  mean  group  severity 
scores  decreased  by  more  than  fifty  percent  between  the  post- 
exposure  and  recovery  sacrifices.  For  these  reasons,  hyperplasia 
of  goblet  ceils  in  the  respiratory  epithelium  of  the  nose  was 
interpreted  as  a  test  article  related  effect  that  was  undergoing 
resolution. 

Pigment  was  not  seen  in  animals  exposed  to  filtered  air  (negative 
control)  .  Pigment  was  seen  in  the  lung  of  all  animals  exposed  to 
all  four  graphite-fog  oil  combinations,  within  each  of  the  four 
exposure  groups,  incidence  and  severity  of  pigment  in  the  lung 
were  similar  at  the  end  of  the  exposures  (post-exposure  study) , 
and  at  the  end  of  the  recovery  period  (recovery  study) .  Pigment 
occurred  within  macrophages  in  alveoli,  interstitium,  and  lymphoid 
tissue  In  the  lung.  It  appeared  to  be  inert  in  these  locations. 
Pigment  was  also  seen  in  macrophages  forming  microgranulomas  in 
the  alveoli  and  lymphoid  tissue  of  the  lung.  Pigment  was  observed 
in  sinusoids  and  in  granulomas  in  pulmonary  and  mediastinal  lymph 
nodes  in  the  post-exposure  and  recovery  studies.  These 
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observations  are  consistent  with  normal  clearance  of  inert 
particulate  materials  from  the  lung.  Alveolar  macrophages 
phagocytize  the  particles  and  either  move  up  the  airways  with 
mucus  to  be  expectorated,  or  move  into  lymphatics  of  the 
interstitium  and  then  into  medullary  sinuses  of  the  draining  lymph 
nodes.  When  the  rate  of  exposure  to  inert  materials  exceeds  the 
rate  at  which  they  can  be  cleared  from  the  lung,  the  materials 
will  accumulate  in  foreign-body  granulomas.  This  has  occurred  in 
both  the  post-exposure  and  recovery  studies.  The  observation  that 
incidence  and  severity  of  pigment  deposition  had  not  decreased  by 
the  end  of  the  recovery  period  suggests  that  the  clearance 
mechanism  of  the  lung  was  still  overloaded  after  a  6  week  recovery 
period.  For  these  reasons,  the  presence  of  pigment  in  these 
locations  is  interpreted  as  evidence  of  exposure  to  graphite,  but 
not  as  a  test  article  related  lesion. 

Hyperplasia  of  epithelium  in  the  lung  occurred  in  alveoli  and  in 
terminal  bronchioles.  This  change  did  not  occur  in  negative  con¬ 
trol  animals,  but  did  occur  in  all  four  treatment  groups  in  both 
the  post-exposure  and  recovery  studies.  The  incidence  of  epithe¬ 
lial  hyperplasia  in  the  lung  was  100%  in  all  treatment  groups  in 
the  post-exposure  and  recovery  studies.  In  each  exposure  group, 
the  mean  group  severity  scores  of  epithelial  hyperplasia  in  the 
lungs  were  similar  at  the  end  of  exposure  and  at  the  end  of  the 
recovery  period.  The  lack  of  resolution  of  this  change  may  have 
resulted  from  the  persistence  of  graphite  pigment  during  the 
recovery  period.  For  these  reasons,  this  change  was  interpreted  as 
test  article  related. 

The  incidence  of  perivascular  inflammation  in  the  lung  of  negative 
control  animals  was  90%  at  the  end  of  exposure  and  after  the  re¬ 
covery  period.  The  incidence  in  animals  exposed  to  the  combina¬ 
tions  of  fog  oil  and  graphite  was  varied  but  was  generally  lower 
than  in  the  control  groups.  This  may  have  been  a  real  difference 
but  the  large  amount  of  pigment,  granulomatous  inflammation,  and 
epithelial  hyperplasia  probably  masked  this  change  to  some  degree. 
The  occurrence  of  perivascular  inflammation  in  negative  control 
animals  and  its  histologic  character  and  distribution  also  suggest 
this  lesion  is  a  response  to  an  unknown  infectious  or  toxic  agent. 
Similar  lesions  have  been  observed  in  other  studies  in  this  and 
other  laboratories,  but  no  causative  agent  has  been  proven.  This 
lesion  was  not  considered  test  article  related. 

Hyperplasia  and  granulomas  did  not  occur  in  pulmonary  lymph  nodes 
or  in  lymphoid  tissues  of  the  lung  in  the  negative  control  groups 
in  the  post-exposure  or  recovery  studies.  These  changes  did  occur 
in  pulmonary  and  mediastinal  lymph  nodes  and  in  lymphoid  tissues 
of  the  lung  in  all  other  exposure  groups  in  the  post-exposure  and 
recovery  studies.  Hyperplasia  of  lung-associated  lymph  nodes  and 
lymphoid  tissues  is  commonly  associated  with  inflammation  in  the 
lung.  In  spite  of  the  occurrence  of  perivascular  inflammation  in 
the  lung  of  90%  of  the  negative  control  animals  in  the  post¬ 
exposure  and  recovery  studies,  these  animals  did  not  have 
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hyperplasia  of  these  lymphoid  tissues.  Hyperplasia  of  these 
lymphoid  tissues  did  occur  in  all  groups  exposed  to  graphite-fog 
oil  combinations,  with  an  incidence  of  80-100%  in  all  groups.  For 
these  reasons,  hyperplasia  of  pulmonary  and  mediastinal  lymph 
nodes  and  of  lymphoid  tissue  within  the  lung  was  interpreted  as 
associated  with  exposure  to  graphite-fog  oil  combinations. 

Granulomas,  in  conjunction  with  graphite  pigment,  occurred  in  the 
pulmonary  and  mediastinal  lymph  nodes  and  within  the  lymphoid  tis¬ 
sues  of  the  lung  in  70-100%  of  animals  exposed  to  graphite  in  the 
post-exposure  and  recovery  studies.  They  did  not  occur  in  any  neg¬ 
ative  control  animals.  These  granulomas  contained  graphite  and 
were  interpreted  as  representing  the  normal  clearance  mechanism 
for  inert  particles  such  as  graphite.  For  these  reasons,  the  pres¬ 
ence  of  granulomas  in  pulmonary  and  mediastinal  lymph  nodes  and  in 
lymphoid  tissues  in  the  lung  were  interpreted  as  not  test  article 
related. 

Hyaline  droplets  occurred  in  the  proximal  convoluted  tubules  of 
the  kidney  in  all  animals  in  the  post-exposure  and  recovery 
studies.  Hyaline  droplets  represent  resorbed  alphazuglobulin,  which 
is  excreted  in  large  amount  by  the  kidney  of  mature  male  rats. 
This  creates  a  physiologic  proteinuria  which  does  not  occur  in 
mature  female  rats  or  in  other  species.  The  presence  of  hyaline 
droplets  in  the  kidney  of  male  rats  can  be  accentuated  by  volatile 
hydrocarbons,  and  in  some  cases  can  be  associated  with  a 
nephropathy.  Mean  group  severity  scores  for  hyaline  droplets  in 
post-exposure  animals  were  1.5  to  2.4  times  higher  than  mean  group 
severity  scores  for  hyaline  droplets  in  corresponding  exposure 
groups  in  the  recovery  study.  The  incidence  and  severity  of  hya¬ 
line  droplet  formation  in  all  recovery  study  animals  that  had  been 
exposed  to  graphite-fog  oil  combinations  were  similar  to  the  inci¬ 
dence  and  severity  of  hyaline  droplet  formation  in  negative 
control  animals.  For  these  reasons,  exposure  of  animals  to 
graphite-fog  oil  combinations  was  interpreted  as  associated  with 
an  increase  in  hyaline  droplet  formation  in  the  kidney. 

Other  lesions  occurring  in  respiratory  tract  tissues  such  as  nose, 
larynx,  or  trachea  were  of  low  and  sporadic  Incidence.  They  were 
not  considered  test  article  related  changes.  Lesions  in  other  or¬ 
gans  such  as  cardiomyopathy,  urinary  bladder  calculi,  and  cellular 
infiltrates  in  the  kidney  were  considered  incidental  spontaneous 
lesions  not  related  to  test  articles. 

CQHCLUSIQNS 

Under  the  conditions  of  this  study,  exposure  of  animals  to 
graphite-fog  oil  combinations  was  associated  with  reversible 
hyperplasia  of  goblet  cells  in  the  respiratory  epithelium  of  the 
nose.  Animals  exposed  to  graphite-fog  oil  combinations  also  devel¬ 
oped  hyperplasia  of  epithelium  in  the  lung,  hyperplasia  of 
lymphoid  tissue  in  the  lung,  and  draining  lymph  nodes.  These 
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changes  did  not  resolve  during  the  recovery  period.  Hyaline 
droplet  formation  in  the  proximal  convoluted  tubule  of  the  kidney 
w^s  exacerbated  by  exposure  to  the  graphite-fog  oil  combinations, 
but  had  decreased  to  post-exposure  negative  control  levels  bi  the 
end  of  the  recovery  period.  Perivascular  inflammation  in  the  lungs 
occurred  in  post-exposure  and  recovery  study  animals  including 
negative  control  and  all  treatment  groups.  This  change  suggested  a 
response  to  an  infectious  or  toxic  agent,  but  was  not  a  test 
article  related  change. 
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SUMMARY  OF  EXPERIMENTAL  DESIGN 
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SUMMARY  OF  EXPERIMENTAL  DESIGN 


Number  of  Animalsl 

Test  Concentration  in  mg/m^  of  Post-Exposure  Recovery 
Group  Fog  Oil  Graphite  Study  Study 


I 

0 

0 

10 

10 

II 

250 

100 

10 

10 

III 

500 

100 

10 

10 

IV 

500 

200 

10 

10 

V 

1000 

200 

10 

10 

1;  All  animals  were  male  F344/N  rats 

Exposures  were  for  4  hours/day,  4  days/week  for  13  weeks; 
recovery  period  was  6  weeks. 
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PROTOCOL-REQUIRED  TISSUES 
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PROTOCOL  REQUIRED  TISSUES 


Salivary  Gland  (Mandibular) 

Mammary  Gland 

*Thymus 

★Heart 

★Lung 

★Trachea 

★Pulmonary  Lymph  Nodes  (Bronchial) 

★Liver 

★Spleen 

Seminal  Vesicles 

★Stomach 

★Adrenal  Glands 

Sciatic  Nerve 

★Brain 

Eyes 

Spinal  Cord 
★Skin 

★Gross  Lesions 
Animal  Identification 


Lymph  Nodes  (Submandibular) 

★Sternum 

Thyroid 

Parathyroid 

★Esophagus 

Testes 

Prostate 

★Urinary  Bladder 

Duodenum 

Ileum 

Colon 

Jejunum 

Cecum 

Mesenteric  Lymph  Node 
★Kidney 

Skeletal  Muscle 

Pituitary 

★Larynx 

★Nasal  Turbinates 


All  protocol  required  tissues  were  collected  and  placed  in 
fixative  (10%  neutral  buffered  formalin)  at  necropsy.  Those 
marked  with  an  asterisk  (★)  were  processed  into  slides  and 
evaluated  by  light  microscopy  for  all  groups  in  the  post¬ 
exposure  and  recovery  studies. 
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ATTACHMENT  3 

SUMMARY  OF  GROSS  LESIONS 


:Y  OF  GROSS  LESIONS 
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ATTACHMENT  4 
REPORTS  CODE  TABLE 
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THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 
Reports  Code  Table 

N  Tissues  within  normal  histological  limits 
A  Autolysis  precluding  adequate  evaluation 

P  Paired  organ  missing 

U  Tissues  unsuitable  for  complete  evaluation 
S  Tissues  not  applicable  to  animal 

*  Tissues  not  required  by  protocol 

1  minimal 

2  mild 

3  moderate 

4  marked 

)  focal 

]  locally  extensive 

>  multifocal 

P  Present 

B  Neoplasm,  Benign 

M  Neoplasm,  Malignant  without  Metastasis 

C  Neoplasm,  Malignant  with  Metastasis 

X  Metastatic  Site  (+) 

-  No  data  entered 
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ATTACHMENT  5 
ABBREVIATION  LIST 
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HISTOPATHOLOGV  TABLES 


ABBREVIATION  LIST 


CELL  -  CELLULAR 
CYTO  -  CYTOPLASM 
EPITH  -  EPITHELIUM 
INFILT  -  INFILTRATE 
LN  -  LYMPH  NODE 
VACUOL  -  VACUOLIZATION 
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GROUP: 
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I 

10 

11 

10 

III 
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IV 

10 

V 

10 

1 

« 

•  « 
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• 

« 

NOSE  •  Ek 
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10 

10 
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4 

(40) 

2  (20) 

1 

(10) 

0 

(0) 

2 

(20) 

Nasolacrimal  duct, hyperplasia 

0 

(0) 

1  (10) 

0 

(0) 

0 

(0) 

1 

(10) 

Septus, cellular  InflUrata 

0 

(0) 

1  (10) 

0 

(0) 

0 

(0) 

0 

(0) 

Inf  laasnal  Ion 

0 

(0) 

1  (10) 

0 

(0) 

0 

(0) 

0 

(0) 

PIgnent 

0 

(0) 

1  (10) 

0 

(0) 

(0) 

0 

(0) 

EpI thal lus, hyperpiaa 1  a 

0 

(0) 

0  (0) 

0 

(0) 

t 

(0) 

1 

(10) 

LARYNX  1  Ek 

Glands. cellular  InflUrata 

8 

1 
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1 

(10) 
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2 
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(0) 
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9 
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10 

10 

10 

10 

10 

STOHACH 

«  Ex 

10 

10 

10 

10 
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For  tomch ,  ep  1  c  h ,  hyperp  1  (t  1  a 

0 

(0) 

0 
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0 
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0 
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10 
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0 

(0) 

0 

(0) 

1 

(10) 

0 

(0) 

1 

(10) 

Hapatoey t* , nacro* 1 • 

4 

(*0) 

2 

(20) 

2 

(20) 

1 

(10) 

4 

(40) 

Hapatocyta, vacuol .eyto 

1 
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2 

(20) 

Hepatodlaphragnat Ic  nodule 

2 

(20) 

1 

(10) 

0 

(0) 

0 

(0) 

1 

(10) 

SPLEEN 

•  Ex 

10 

10 

10 

10 

10 

SKIN 

•  Ex 

9 

10 

10 

10 

10 

KIDNEY  f  Ex 

Cor tax, cellular  Infiltrate 

10 

0 

(0) 

10 

0 

(0) 

10 

3 

(30) 

10 

2 

(20) 

10 

0 

(0) 

Hyaline  drqsleta 

10 

(100) 

10 

(100) 

10 

(100) 

10  (100) 

10 

(100) 

Renal  tubule, caata, protein 

2 

(20) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(10) 

Renal  tubule, mineral Izat Ion 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(10) 

Ranal  tubule, regeneration 

2 

(20) 

0 

(0) 

1 

(10) 

3 

(30) 

0 

(0) 

ADRENALS  1  Ex 

10 

10 

10 

10 

10 

THYMUS 

« 

Ex 

10 

10 

10 

10 

10 

BRAIN 

• 

Ex 

10 

10 

10 

10 

10 
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9 
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10 
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0  (0) 

1 
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0 

(0) 

0 
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0 

(0) 

1  (10) 

0 
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10 

10 
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10 

10 
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10 
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Trsnslilof"'  epith.cell  Infill 

0 

(0) 

1  (10) 

0  (0) 

0 

(0) 

1 

(10) 

Calculus, micro  observation 

0 

(0) 

0  (0) 

0  (0) 

0 

(0) 

1 

(10) 

Mineral Izat Ion 

0 

(0) 

0  (0) 

0  (0) 

1 

(10) 

0 

(0) 

STOMACH 

•  Ex 

10 

10 

10 

10 

10 

LIVER  •  Ex 

10 

to 

10 

10 

10 

Cellular  Infiltrate, periportal 

0 

(0) 

2 

(20) 

1 

(10) 

3 

(30) 

2 

(20) 

Hapa  tocy  te ,  nacros  I « 

1 

(10) 

S 

(50) 

6 

(60) 

3 

(50) 

7 

(70) 

Hspatocyte.vacuol ,cyto 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(10) 

Hepatodlapfirajpiat  Ic  nodule 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(10) 

SPLEEN 

•  Ex 

10 

10 

10 

10 

10 

SKIN 

•  Ex 

10 

10 

10 

10 

10 

KIDfCY  •  Ex 

10 

10 

10 

10 

10 

Cortex, col lular  Infiltrate 

0 

(0) 

1 

(10) 

0 

(0) 

1 

(10) 

0 

(0) 

Hyalino  <k-oplets 

10 

(100) 

10 

(100) 

10 

(100) 

10 

(100) 

10 

(100) 

Renal  tubule, casts, protein 

2 

(20) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

Renal  tubule, ragenerst Ion 

4 

(♦0) 

0 

(0) 

2 

(20) 

3 

(30) 

0 

(0) 

ADRENALS 

•  Ex 

10 

10 

10 

10 

10 

THYMJ3 

•  Ex 

10 

10 

10 

10 

10 

BRAIN 

» 

Ex 

10 

10 

10 

10 

10 

STERNUM 

f 

Ex 

9 

10 

10 

10 

10 
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SIMIARY:  IncldwK*  of  NOM-NEOPLASTIC  MIcroooopIc  Findings 


PROJECT  ID.  NO:  L62543R  FATES:  SOCDULED  SACRIFICE 

days  :  131  SEX:  HALE 


GROUP: 

NUMBER  OF  ANIMALS: 

I-R 

10 

II-R 

10 

III-R 

10 

IV-R 

10 

V-R 

10 

• 

X 

• 

1  « 

• 

S 

• 

« 

OTHER  TISSUES  AM)  LESIONS: 

ICDIASTINAL  LN  -  Granuloiui 

0 

(0) 

10 

(100) 

10  (100) 

10 

(100) 

10 

(100) 

ICDIASTINAL  LN  -  Hyperplasia 

0 

(0) 

10 

(100) 

10  (100) 

10 

(100) 

10 

(100) 

FEDIASTINAL  LN  -  Plgnent 

0 

(0) 

10 

(100) 

10  (100) 

10 

(100) 

10 

(100) 

EYE  -  Cataract 

0 

(0) 

0 

(0) 

1  (10) 

0 

(0) 

0 

(0) 
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SECTION  III 

SEVERITY  SUMMARY  TABLE 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 
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Severity  Summary  Table 

• 

PROJECT  10.  NO:  L062343 

DAYS:  89 

FATES;  SOCDULED  SACRIFICE 

SEX:  HALE 

GROUP: 

HUMBER  OF  ANIMALS: 

1  II  III 

10  10  10 

IV 

10 

V 

10 

* 

SEV 

ff 

SEV 

» 

SEV 

t  SEV 

• 

SEV 

NOSE  «  Ex 

10 

10 

10 

10 

10 

Hyperplasia, goblet  cell 

0 

10 

2.80 

10 

2.50 

10  3.00 

9 

2.50 

Nasolacrimal  duct .cell  InYtlt 

1 

0.20 

1 

0.30 

0 

0 

0 

Nasolscr  laial  duct  .hemorrhage 

4 

0.40 

2 

0.20 

1 

0.10 

0 

2 

0.20 

Nasolacrimal  duct, hyperplasia 

0 

1 

0.10 

0 

0 

1 

0.10 

Septua.cel lular  Infiltrate 

0 

1 

0.10 

0 

0 

0 

Inf  latnaatlon 

0 

1 

0.20 

0 

0 

0 

PIgnent 

0 

1 

0.10 

0 

0 

0 

EpI thel lun, hyperplasia 

0 

0 

0 

0 

1 

0.20 

larynx  f  Ex 

a 

10 

10 

10 

10 

Glands, cel lular  Infiltrate 

1  0.13 

0 

0 

0 

0 

Lunen.xsicus 

0 

0 

0 

0 

1 

0.30 

Respiratory  epith.cell  Infllt 

2  0.25 

0 

1  0.20 

0 

0 

Respiratory  epith, hyperplasia 

0 

2  0.20 

0 

0 

1 

0.10 

TRAOCA 

1  Ex  10 

10 

10 

10 

10 

EpI  thel  Ilia, cellular  Infllt 

1  0.10 

0 

0 

0 

0 

EpI thel lux, hyperplasia 

0 

0 

0 

0 

3  0.30 

EpI thel lua.plgnent 

0 

0 

0 

0 

2  0.20 

ESOPHAGUS 

I  Ex  10 

10 

10 

10 

10 

PULMONARY  LN 

•  Ex  8 

9 

10 

9 

10 

Grafuloma 

0 

9 

2.44 

10 

2.10 

9 

2.11 

10 

3.10 

Hyperplasia 

0 

9 

3.11 

10 

2.80 

9 

2.78 

10 

3.60 

Pl^nent 

0 

9 

1.6T 

10 

1.00 

9 

1 .78 

10 

2.10 

LUNG  «  Ex 

10 

10 

10 

10 

10 

EpI  thel  1  LSI, hyperplasia 

0 

10 

2.70 

10 

2.50 

10 

3.20 

10 

3.30 

Haaiorrhage 

2  0.20 

0 

0 

0 

0 

Inf  lamsat  Ion, granulomatous 

0 

10 

2.10 

10 

2.20 

10 

3.00 

10 

3.10 

Inf  laaiBst  Ion, per  1  vascular 

9  1.50 

1 

0.10 

8 

1.30 

6 

0.80 

1 

0.10 

Lyaiphold  t  Issue, granuloma 

0 

9 

2.10 

10 

1.90 

9 

2.00 

7 

1.70 

Lysphold  t Issue, hyperplasia 

0 

10 

2.30 

10 

2.10 

9 

2.10 

8 

2.50 
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Severity  Summary  Table 


PROvtCT  NO:  L062343  FATES:  SCHEDULED  SACRIFICE 

DAYS:  89  SEX;  HALE 


CROUP:  I  II  III  ,y  y 

NUMBER  OF  ANIHALS:  10  10  10  10  10 


f 

SEV 

• 

SEV 

« 

SEV 

1 

SEV 

• 

SEV 

PIgnent 

0 

10 

2.60 

10 

2.90 

10 

3. SO 

10 

A. 00 

HEART 

•  Ex 

10 

10 

10 

10 

10 

Card  loKyopa  thy 

a 

1 .00 

a 

0.90 

4 

O.SO 

7 

0.70 

6 

0.60 

LRINARY  BLADDER 

«  Ex 

10 

10 

10 

10 

10 

STOMACH 

f  Ex 

10 

10 

10 

10 

10 

Foraa tomach , ap 1 t h , hyperp 1 aa 1 a 

0 

0 

0 

0 

1 

0.10 

LIVER 

1  Ex 

to 

10 

10 

10 

10 

Cellular  Inf U trate.per ipor tal 

0 

0 

1 

0.10 

0 

1 

0.10 

Hepa tocy t e , nocroa 1  a 

4 

o.so 

2 

0.20 

2 

0.20 

1 

0.10 

A 

O.AO 

Hepa tocyte , vacuo 1 , cy to 

1 

0.20 

t 

0.10 

0 

2 

0.30 

2 

0.20 

Hepatodlaphra^natlc  nodule 

2 

0.30 

1 

0.10 

0 

0 

1 

0.10 

SPLEEN 

f  Ex 

10 

10 

10 

10 

10 

SKIN 

•  Ex 

9 

10 

10 

10 

10 

KIDNEY 

*  Ex 

10 

10 

10 

10 

10 

Cortex, cellular  Infiltrate 

0 

0 

3 

0.30 

2 

0.30 

0 

Hyaline  dropleta 

10 

i.eo 

10 

2.20 

10 

2.00 

10 

2. AO 

10 

2. AO 

Renal  tubule, caata, protein 

2 

0.20 

0 

0 

0 

1 

0. 10 

Renal  tubule,nlnarallzatlon 

0 

0 

0 

0 

1 

0.10 

Renal  tubule, regenerat Ion 

2 

0.20 

0 

1 

0.10 

3 

0.30 

0 

ADRENALS 

f  Ex 

10 

10 

10 

10 

10 

THYMUS 

1  Ex 

10 

10 

10 

10 

10 
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Severity  Summary  Table 


PROJECT  ID.  NO:  L062343 
DAYS:  B9 


FATES:  SCHEDULED  SACRIFICE 
SEX:  HALE 


croup; 

NIMER  OF  ANIMALS; 


t  II  MI  IV  V 

10  10  10  10  10 


BRAIN 


•  SEV  •  SEV 

•  Ex  10  to 


•  SEV  I  SEV  I  SEV 

10  10  10 


sternum 


•  Ex  10  10 


10 


10 


10 


Sev«rlty  calculated  by  the  ruitier  of  tlsauet  examined. 
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Severity  Summary  Table 


PROJECT  10.  NO:  L62343R 
DAYS:  131 


FATES:  SCHEDULED  SACRIFICE 
SEX:  male 


CROUP: 

NUMBER  OF  ANIMALS: 


1-R  II-R  Ill-R  IV-R  V-R 

’0  10  10  10  10 


•  SEV 

• 

SEV 

1 

SEV 

f 

SEV 

•  SEV 

ROSE  •  Ek 

10 

10 

10 

10 

10 

HyperplMU, goblet  cell 

0 

9 

1 .20 

8 

1 .00 

10 

1 .00 

10  1.20 

Naeolecr Imal  duct, hemorrhage 

4  0.40 

0 

1 

0.10 

4 

0.40 

0 

Naaolacr Imal  duct, hyperplasia 

0 

1 

0.10 

0 

1 

0.10 

0 

Heaorrhage 

0 

0 

1 

0.20 

0 

0 

LARYNX 

1  Ex 

10 

10 

10 

10 

10 

Respiratory 

eplth,cell  Inftlt 

2  0.20 

3  0.30 

1  0.20 

0 

1  0. 10 

Respiratory 

epith, hyperplasia 

0 

0 

0 

1  0.10 

0 

TRACHEA 

f  Ex 

10 

10 

10 

10 

10 

ESOPHAGUS 

•  Ex 

10 

10 

10 

10 

10 

pulmonary  ln 

f  Ex  5 

8 

10 

10 

10 

Granuloma 

0 

8 

2.38 

10 

2.50 

10 

2.60 

1C 

3.20 

Hyperplasia 

0 

8 

2.88 

10 

3.40 

10 

2.80 

10 

3.40 

Plgnent 

0 

8 

2.00 

10 

1.90 

10 

2.10 

10 

2.40 

Pl^sent .refract  1 le 

1  0.20 

0 

0 

0 

0 

LUNG  f  Ex 

10 

10 

10 

10 

10 

Alveolus, mineral Izat Ion 

1 

0.10 

0 

0 

0 

0 

Epithel lum, hyperplasia 

0 

10 

2.20 

10 

2.80 

10 

3.20 

10 

2.60 

Hemorrhage 

1 

0.20 

0 

0 

0 

0 

Inflaaisat  lon.grarulomatous 

0 

10 

2.20 

10 

2.50 

10 

2.60 

10 

2.80 

Inf larnnat Ion, per  1 vascular 

9 

1.10 

6 

0.80 

5 

0.70 

7 

1.30 

4 

0.50 

Lymphoid  t  Issue, granuloma 

0 

10 

2.20 

10 

2.70 

10 

2.30 

10 

2.70 

Lyephold  t  Issue,  hyper  pi  as  la 

0 

10 

2.50 

10 

2.70 

10 

2.40 

10 

3.10 

Plgnent 

0 

10 

3.00 

10 

3.00 

10 

3.30 

10 

3.80 

HEART 

•  Ex  10 

10 

10 

10 

10 

Cardiomyopathy 

5  0.50 

7  0.80 

8  0.80 

5  0.50 

10  1.00 
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Severity  Summary  Table 


PROJECT  to.  NO:  L62343R 
DAYS:  131 


FATES:  SOEDULED  SACRIFICE 
SEX;  HALE 


GROUP;  I-R  II-R  III-R  IV-R  V-R 


NLMBQl  OF  ANIMALS: 

10 

to 

10 

10 

10 

1  SEV 

•  SEV 

•  SEV 

•  SEV 

• 

SEV 

URINARY  BLADDER  1  Ek 

10 

10 

10 

10 

10 

Transitional  aplth.call  Infllt 

0 

1  0.10 

0 

0 

1 

0.10 

Calculus, micro  obsarvstlon 

0 

0 

0 

0 

1 

0.10 

Mineral Izst Ion 

0 

0 

0 

1  0.10 

0 

STOMACH 

«  e* 

10 

10 

10 

10 

10 

LIVER 

•  Ex 

10 

10 

10 

10 

10 

Cellular  Inf lltrste.per Iportal 

■0 

2 

0.20 

1  0.10 

3 

0.30 

2 

0.20 

Hapatocy ts ,necros 1 s 

1  0.10 

5 

O.SO 

6  0.70 

3 

0.30 

7 

0.70 

Hepatocyte.vacuol ,cyto 

0 

0 

0 

0 

1 

0.10 

Hapatodlsphra^natle  nodule 

0 

0 

0 

0 

1 

0.20 

SPLEEN 

1  Ex 

10 

10 

10 

10 

10 

SKIN 

I  Ex 

10 

10 

10 

10 

ID 

KIDNEY 

1  Ex 

10 

10 

10 

10 

10 

Cortax.oel lular  Infiltrate 

0 

1  0.10 

0 

1 

0.10 

0 

Hyaline  drcplets 

10 

1.30 

10  1.40 

10 

1.30 

10 

1 .00 

10  1.00 

Renal  tubule, casts, protein 

2 

0.20 

0 

0 

0 

0 

Renal  tubule, regenerst loo 

4 

0.40 

0 

2 

0.20 

3 

0.30 

0 

ADRENALS 

f  Ex 

10 

10 

10 

10 

10 

THYMUS 

f  Ex 

10 

10 

10 

10 

10 

BRAIN 

1 

Ek 

10 

10 

10 

10 

10 

STERNUM 

• 

Ek 

9 

10 

10 

10 

10 

•  Savvrity  calculated  by  tha  ruifear  of  lltauaa  axanlnad. 
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TABULATED  ANIMAL  DATA 
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Tabulated  Aalmal  Data 


PROJECT  ID:  L062I43  CROUP:  1  SBC  MALE 

89  FATES:  SCHEDULED  SAOtlFICE 


PATHriT/^fiV  TNP 

THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  1062343  GROUP;  I  SEX:  HALE 

DAYS:  ts9  FATES:  SCHEZHAED  SACRIFICE 


ANIHAL  ID: 


001  002  003  004  OOS  006  007  008  009  010 


LIVER 

Htipa  tocy  t« ,  necro*  1  • 
Hcpatocy te.vacuol , cy to 
Hep*todlaphr*9iiatlc  nodule 


H 


N 


N 


1 


1 


N 


I 


SPLEEN 


NNNNNNNNNN 


SKIN 


NNNMNNNUNN 


KIONET 

Ityallne  droplet*  2  2  1  2  1  1  2  2  1  2 

Renal  tubulo.caata, protein 
Renal  tubule, regenerat  Ion 


ADRENALS 


NNNNNNNNNN 


THYHUS 


NNNNNNNNNN 


BRAIN  NNNNNNNNNN 

STERNUH  NNNNNNNNNN 
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Tabulated  Animal  Data 


PROJECT  ID:  L0«2}43 
DAYS:  89 


GROUP:  t  SEX:  MALE 

FATES:  SCHEDULED  SACRIFICE 


ANIMAL  ID: 

CrnCR  TISSUES  AND  LESIONS: 

ICSENTERY:  LN,  oongectlon 
TISSUE  NOS:  Fct.  rwcrotl* 


001  002  003  OOA  OOS  000  007  008  009  010 


# 


acsesnPTi'TP^  tup 
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Tabulated  Aalnal  Data 


PROJECT  10:  L002343  CROUP:  II  SEX:  HALE 

DAYS:  B9  PATES:  SOEZXJLED  SACRIFICE 


ANIHAL  ID: 


041  042  043  044  04S  04A  047  048  049 


NOSE 

Hyperpla«la,gobl«t  call 
Nasolacrlaal  dUct.call  InTIlt 
NaaolacriMal  duet  Neaiorrhaga 
Naaolacrtmal  dUct.hyperplaala 
SaptuB.callular  Inflltrata 
Inf  lamMt  Ion 
Plgnant 


222333343 


Raapiratory  aplth,hyparplaa<a 


N  M  N  N  N  N 


TRACHEA 


NNNNNNNNN 


ESOPHAGUS 


NNNNNNNNN 


PULMONARY  LN 
CrarulOBW 
Ifyparplatia 
Pliyaant 


LUNG 

Epithal  luR.hyparplaala 
Inf  iPNMt  lon.^anuloMioua 
Inf lanaat Ion, par Ivaaeular 
LyapHold  tlaaua.^-anulnaw 
LyapHold  tiaaua.hyparplasla 
Plgaant 
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Tabulated  Aniaal  Data 


PROJECT  ID:  L062343 
DAYS:  89 


GROUP:  II  SEX:  HALE 

PATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID: 

ICART 

C«r  d  I  omycpa  t  hy 


URINARY  BLADDER 


STOMACH 


041 


1 


N 


042 

1 

N 


043 


1 


N 


044 

N 

N 


045 

2 

N 


046 


1 


N 


047 

1 

N 


048 

N 

N 


049 

1 

N 

N 


050 


1 


N 


N 


LIVER 

Htpa toey t« ,  rwcro* I • 
HapatoeytR.vRCuol ,cyto 
HapatodtaphragMtlc  nodul* 


1 


N 


N 


N 


SPLEEN 


NNNNNNNNNN 


SKIN 


KinCY 

Hyalin*  Capiat* 


ADRENALS 


THYttJS 


3  2  2  1 

N  N  N  N 

N  N  N  N 


2  2  2  2  3 

N  N  N  N  N 

N  N  N  N  N 


3 

N 

N 


BRAIN 
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Tabulated  Animal  Data 


PROJECT  to:  L062345  GROUP:  tl  SEX;  HALE 

DAYS:  89  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  10  :  041  042  041  044  04S  04«  047  048  049  050 
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MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  L0«2M3  GROUP:  II  SEX:  HALE 

DAYS:  89  PATES:  SDEDULED  SACRIFICE 


ANIMAL  ID:  041  042  043  044  04S  046  047  048 
OTtER  TISSUES  AND  LESIONS: 

ICDIASTINAL  LN:  Granuloma  23333232 
fCDIASTINAL  LN:  Hyparplaala  23332233 
ICDIASTINAL  LN:  Pl^aant  2  2  2  2  1  2  2  2 


THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated 

Aniaal 

Data 

PROJECT  to:  L042343 

group:  in 

SEX: 

HALE 

DAYS:  89 

PATES:  SCHEDULED  SACRIFICE 

ANIMAL  10: 

081  082 

083 

084 

OSS 

08A 

087 

088 

089 

092 

NOSE 

Hyperpla«U,gobl*t  call 

3 

3 

2 

2 

3 

2 

3 

3 

2 

2 

NaaolacrlMl  duct, hemorrhage 

■ 

■ 

■ 

■ 

1 

LARYNX 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Raepiratory  epi th.cel 1  tn/llt 

** 

2 

“ 

• 

“ 

TRACHEA 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

ESOPHAGUS 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

PULMONARY  LN 

Graniloaia 

2 

2 

2 

3 

2 

2 

2 

2 

2 

2 

Hyparplaaia 

3 

3 

4 

3 

3 

3 

2 

2 

3 

2 

plgaant 

1 

t 

1 

1 

1 

1 

1 

1 

1 

1 

LUNG 

Epithet iuM.hyperptaala 

3 

2 

2 

3 

2 

2 

2 

3 

3 

3 

inriammat  1on,(p-anulaMataua 

2 

2 

1 

2 

1 

3 

3 

3 

2 

3 

Inf  Immaat  lon.par  Ivaacular 

- 

2 

2 

1 

- 

2 

2 

2 

1 

1 

Ly«9>hoid  t leave, T-anulcma 

2 

2 

2 

2 

1 

3 

1 

2 

2 

2 

Lya^hold  tieaua, hyparplaaia 

2 

2 

1 

2 

1 

3 

3 

2 

2 

3 

Pignent 

3 

3 

2 

3 

3 

3 

3 

3 

3 

3 

HEAKT 

Cardlonyopathy 


1 


2 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  T/ITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 

Tabulated  Anlaial  Data 

PROJECT  id:  L062343  CROUP:  III  SEX:  hale 

DAYS:  89  FATES:  SCHEDULED  SACRIFICE 

ANIMAL  ID;  081  082  083  084  08S  08A  067  088  089  090 

URINARY  BLADDER  NNNNNNNNNN 

STOMACH  NNNNNNNNNN 

LINCR  N  N  N  N  N  N  N 

Cellular  Infiltrate, periportal 
Hepatocyte.necroala 

SPLEEN  NNNNNNNNNN 

SKIN  NNNNNNNNNN 

KIONEY 

Cortex, cellular  infiltrate  -  _  _  I  _  l  _  i  _ 

H/aline  ^opiate  1222222223 

Renal  tubule,  reganeret  Ion 

ADRENALS  NNNNNNNNNN 

THYIUS  NNNNNNNNNN 

8RAIN  NNNNNNNNNN 

STERNUM  NNNNNNNNNN 


PATHOT/iflY  AR<iOf*TATP^  TNC 

THIRTEEN-WEEK  INHALATION  TOXI CITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  P344/N 

HALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  L062343  GROUP:  III  SEX:  HALE 

DAYS:  89  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  10  :  081  082  083  084  OSS  086  087  088 
OTICR  TISSUES  AND  LESIONS: 

MEDIASTINAL  LN:  Grarvloma  33242232 
1CDIASTINAL  LN:  Hyperplasia  33343233 
FCDIASTINAL  LN:  Piquant  1  1  1  1  2  2  2  2 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  L062343  GROUP:  IV  SEX:  HALE 

DAYS:  69  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  ID: 


122  123 


124  12S  126  127 


NOSE 

Hyperplasia, goblet  cell 


ESOPHAGUS 


PULMONARY  LN 
Granulona 
Hyperplasia 
Plgeent 


NNNNNNNN 


LUNG 

Epithel I UB, hyper pi as  I a 
Inf  lanaut  lon,granulon«staus 
I  nf  I  BUSS  1 1  on ,  per  I  vsscu  I  ar 
Lyaphold  t  Issua.^aruloaia 
Lyiaphotd  t Issue, hyperplasia 
PIgnent 


3  3 
3  3 
2  2 
2  3 
2  3 


ICART 

Cardloaiyopathy 


lAINARY  BLACOER 
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MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID;  L062343  GROUP:  IV  SEX:  HALE 

DAYS:  89  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  to: 


121  122  123  124  125  126  127  128  129  130 


STOMACH 


NNNNNNNNNN 


LIVER 

H«pa  tocy  t  • ,  rwcr  <>•  1  s 
Hapatocytc, vsoiol ,cyto 


N  N 

1  -  2  - 


SPLEEN 


N  N  N  N  N  N 


N  N  N 


SKIN 


NNNNNNNNNN 


KIDNEY 

CortaK.CNilular  Inflitrat* 
Hyallna  droplet* 

Renal  tubula.ragenerat ton 


ADRENALS 


NNNNNNNNNN 


THYNJS 


NNNNNNNNNN 


BRAIN 


NNNNNNNNNN 


STERMPI 


NNNNNNNNNN 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
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MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Aniaal  Data 


PROJECT  ID:  L0A2343  GROLP:  IV  SEX:  HALE 

DAYS:  89  FATES:  SDCDULED  SACRIFICE 


129  130 


3  4 

3  3 

2  2 


ARIMAL  ID: 

OTHER  TISSUES  AND  LESIONS: 


121 


122 


123 


124 


12S 


126 


12T 


128 


ICDIASTINAL  LN:  GranJlOM 
ICDIASTINAL  LN:  Hyperplasia 
ICDIASTINAL  LN:  Plgaant 


PATHOLO'JY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
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MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulatttd  AalMl  Data 


PROJECT  10:  L0A2S43  CROUP:  V  SEX:  HALE 

DAYS:  89  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  10; 


161 


163 


163 


16A 


16S 


166 


167 


168 


169 


NOSE 

Hyp*rplmU,gabl*t  c«ll 
Nasolacrimal  duet .heanrrhage 
NatolacrlMl  duct .hyparplasla 
Ep 1 1 ha 1 1 UB , hypar p I as  I a 


LARYNX 

Lusan, mucus 

Rasptratory  eptth.hyparplasla 


N  N  N  N  N  N  N 


N 


TRAOCA 

Ep  1 1  ha  1 1  US ,  hypar  p  I  a  s  I  a 
Ept  that  lua.plTsant 


ESOPHAGUS 


PULMONARY  LN 
Granuloma 
Hyparpiasla 
Pl0sa(it 


3 

6 

2 


3  2  6  4  2 
3  3  4  4  3 
2  2  2  2  3 


3 

4 

3 


3 

4 
2 


4 

3 

2 


LUNG 

EpI  thal  luB,  hyparpiasla 
Inf  laMaat  Ion, granulomatous 
Inf  IsMiat  lon.par  Ivsscular 
LyBf>hold  tIssua.T'snuloma 
Lymphoid  t  Issua, hyparpiasla 
Pl^aant 


4  2  3 
6  3  2 
-  1  - 
-32 
4  4  2 
4  4  4 


4  3  4 

3  2  3 

3  3  I 

3  3  3 

4  4  4 


4  4  2 

3  3  4 

3  2 

2  4 

4  4 


4 


PATHOLOGY  ASSOCIATES 
THIRTEEN-WEEK  INHALATION  TOXICITY 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234, 


,  INC. 

STUDY  WITH  AEROSOL 
PARTICLES  IN  P344/N 

STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  I.062S43  CROUP:  V  SB(:  MALE 

FATES:  SCHEDULED  SACRIFICE 


animal  ID: 

HEART 

CardlonyopAthy 

URINARY  BLADOGt 

STOMACH 

For •• tonach , ap I t h , hyparp I I • 


141 

1 

N 

N 


142 

1 

N 


1 


141  144 

1  1 

N  N 

N  N 


14S 


1 


N 


N 


144 

N 


147 

N 


148 

H 


149 

N 


N  N  N  N 

N  N  N  N 


170 


1 


N 


N 


LI1CR 

Callular  inf lltrata,parlportal  1 

Hapatocyta.nacrcala  i 

Hapatoeyta.vacuol ,eyto 
HapatodlapNra0Mt  Ic  nodula 


N 


N 


SPLEEN 


SKIN 


N  N  N 


N  N  N 


N 


N  N  N 


KIDNEY 

Hyallna  droplats 

Ranal  tubuta, casta, protaln 

Ranal  tubula,Blnarsl Izat ion 


3 


I 


2 


2 


ADRENALS 


THYHJS 


N 


N 
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MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  L0«2343  GROUP:  V  SEX:  HALE 

DAYS:  89  FATES:  SCHEDULED  SAXIFICE  A 


ANIMAL  10: 


BRAIN 


161  162  163  164  16S  166  167  168 

NNNNNNNN 


STERNUM 
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MALE  r\TS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID;  L0&2343  GROUP:  V  SEX:  MALE 

DAYS:  89  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  ID: 

OTtCR  TISSUES  AND  LESIONS: 

FEDIASTINAL  LN;  Gramloma 
ICDIASTINAL  LN;  Hyparplaala 
MEDIASTINAL  LN:  Plgnent 


161  162  163  164 


16S  166  167  168  169  170 


4  3  1 
3  3  4 
2  2  3 


4  3  3 
3  2  4 
2  I  3 


1  4  4 
3  4  4 
3  2  I 


2 

4 

2 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID:  L62343R  GROUP:  I-R  SEX:  MALE 

OATS:  131  FATES:  SCHEDULED  SACRIFICE 


PATHOLOGY  ASSOCIATES,  INC. 
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MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulfttad  Anlaial  Data 


PROJEa  10;  L62343R  GROUP’:  I-R  SEX:  HALE 

DAYS:  13t  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID: 


021  022  02 J  024  025  026  027  028  029  030 


H«pa tocy t • , nacr o« I ■ 


N  M  N  N  N  N 


N  N  N 


**MNNNNNNNN 


mnnnnnnnnn 


Hyallna  droplata 

Ranal  tUxjla.caatc.protaln 

Ranal  tubula.ragenarit Ion 


2  1111112  2 


ADRENALS 


"NNNNMNMNN 


•‘'•'INNNHNMM 


•‘••NMMNMNNN 


STERNUM 


UNNNNNNNN 
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Tabulated  Anlaal  Data 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


WOJEa  ID:  L62343R  GROUP:  Il-«  SEX:  HALE 

S:  131  FATES:  SOEDULEO  SACRIFICE 


ANIMAL  10: 


061 


062  063  06A 


06S  066  067 


068  069  070 


NOSE 

Nyp«<'Plasla,gabl«t  cell 
Nasolacr Imal  duct .hyperplasia 


2 

1 


LARYNX 

Respiratory  epith.cell  tnfllt 


TRACHEA 


N 


ESOPHAGUS 


N  N  N  N 


N  N 


N  N 


N  N 


PULMONARY  LN 
Granuloaia 
Hyperplasia 
Pt^aent 


2 

2 

2 


3 

3 

2 


3  2 

3  3 

2  2 


3 

4 

2 


2 

3 

2 


2  2 

2  3 

2  2 


LUNG 

E^llhel luB, hyperplasia 
Inf  iMnat  Ion, granulomatous 
Inf lannat Ion, perivascular 
L)Asphold  tlaaua.graruloais 
Lyufihold  tissue, hyperplasia 
PIgnent 


3  2  2  2 
3  2  2  2 
12-1 
3  2  2  2 
3  2  3  2 
3  3  3  3 


2  2 

2  2 

2  1 

3  2 

3  2 

3  3 


3  2 

3  2 

1  2 

3  2 

3  3 


2  2 

2  2 

I 

3  2 

3  2 

3  3 


HEART 

Cardlaeyopathy 


1  1 


2  1 


1 


1 


N 
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MALE  RATS 
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Tabulated  Anlnal  Data 


PROJECT  ID;  L62M3R  GROUP:  II-R  SEX:  HRLE 

DATS:  131  FATES:  SOEZXJLED  SACRIFICE 


ANIMAL  ID: 


OAl  062  063  06A  06S  066  067  06S  069  070 


URINARY  BLAOOER 

Transitional  spIth.coU  InfUc 


R  N  N  M  M  M  M 


STOMACH 


nnnnnnnnnn 


LIVER 

Callular  Infiltrate, 
Hapa tocy t a , nacroa I a 


'Iportal 


RRNnnmnmnn 


RRnmmnmmmn 


KIDNEY 

Cortax, cellular  Infiltrate 
Hyaline  <*-oplett 


1  2 


ADRENALS 


nnnnnnnnnn 


nnnnnnnnnn 


nnnnnnnnnn 


STEKttM 


nnnnnnnnnn 


PATHOLOGY  ASSOCIATES,  INC. 
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MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


ANIHAL  10: 


0A2  063  064  (MS  06&  067  068  069  070 


OTHER  TISSUES  AND  LESIONS; 


rCDIASTINAL  LN  -  Granuloma 
7EDIA5T1NAL  LN  -  Hyiparplaal, 
rCOlASTlNAL  LN  -  Piquant 
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IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  ABlual  Data 


PROJECT  ID;  L62343R  GROUP:  III-R  SEX:  HALE 

DAYS:  131  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  ID: 


101  102  103  104  105  106  107  108  109  110 


NOSE 

1typ«rpla«la, goblet  cell 
Nasolacrimal  dlJCt.hamorrhage 
Hemorrhage 


LARYNX 

Respiratoi'y  epith.cell  Infilt 


N  NNNNNNNN 


TRACHEA 


NNNNNNNNNN 


ESOPHAGUS 


NNNNNNNNNN 


PULMONARY  LN 
Granuloaia 
Hyperplasia 
PIgasnt 


LUNG 

EpI  thel  lia,  hyperplasia 
Inf  laasaat  lon,graral<miataus 
Inf  laamiaC  Ion, per  {vascular 
Lysphold  t  Issue, granuloma 
Lymphoid  tissue, hyperplasia 
PIgsent 


ICART 

Cardlcaiyopathy 
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Tabulated  Aniaal  Data 


PROJECT  10:  L62343R  CROUP:  tll-R  SEX:  HALE 

DAYS:  131  FATES:  SCHEDULB)  SAOllFICE 


ANIHAL  lO: 


101  102  103  104  10S  106  107  100  109 


UtINARY  BLAOOER 


NHNNNNNNN 


STCHACH 


NHNNNKNNN 


Callular  Inf lltrata, periportal 
Hapa t ocy t a , neer oe 1 a 


1  1  1 


N  N  N 


KIDNEY 

Hyaline  (deplete 
Renal  tubule, rag 


NNNNNNNNN 


NNNNNNNNN 


ADRENALS 


NHNNNNNNN 


NNNNNNNNN 


STERNUM 


NNNNNNNNN 
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Tabulated  AuiBal  Data 


PROJECT  ID:  L62M3R  GROUP:  III-R  SEX:  HALE 

DAYS:  111  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  10: 

OTHER  TISSIES  AND  LESIONS: 

ICDIASTINAL  LM  -  CranulOM 
»CDIASTINAL  LN  -  Hyperplasia 
rCDIASTINAL  LN  -  PIgaent 
EYE  -  Cataract 


101 


102 


101 


104 


105 


10« 


10T 


108 


109 


110 


3  2  2 
3  3  2 
3  2  2 


3  3 

3  3 

2  2 


2  3 

2  4 

2  2 

2 


2  2  2 

2  3  3 

2  2  2 
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MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabulated  Animal  Data 


PROJECT  ID;  L62343R  GROUP:  tVHt  SEX:  HALE 

DAYS:  131  FATES:  SCHEDULES  SACRIFICE 


ANIMAL  10; 


141  142  143  144  14S  14«  147  US  149 


NOSE 

Hyperplasia, goblet  cell 
Nstolscrimal  duct .hemorrhage 
Nasolacrimal  duct, hyperplasia 


Respiratory  epi th, hyperplasia 


ESOPHAGUS 


PULMONARY  LN 
Granuloais 
Hyperplasia 
Piquant 


LUNG 

Ep  1 1  ha  1 1  isa ,  hyper  p  I  as  I  a 
InrisniBst  lon.granilomatous 
Inf  laaisat  lon,per  Ivascular 
Lysfahold  t  Issue, granuloma 
Lymphoid  t Issue, hyperplasia 
Plgaent 


NNNNNNNN 


NNNNNNNNN 


Cardlosiycpathy 
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Tabulatad  Animal  Data 


PROJEa  10:  L62Mm  GROLP:  IV-lt  SEX:  HALE 

DAYS:  131  FATES:  SCHEDULED  SACRIFICE 


ANIHAL  ID: 


1A1  142  143  144  14S  146  14F  148 


IRtlMARY  BLADDER 
Hlnarallzatlon 


N  H  H  H  N 


STOHACH 


NNNNMHNH 


Cellular  InF I I irate, per (portal 
Mapatocy te, naeroa t a 


KIDNEY 

Cor  tax, cellular  InFIltrata 

Hyaline  deplete 

Renal  tubule, raganarat (on 


ADRENALS 


NNHNNNMM 


NNNNNNNN 


NNNNNNMN 


NNNNNNNN 


NNNNNNNN 
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IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Tabul«t«d  Anlaal  Data 


PROJECT  ID:  L«2343R  GRQlP:  IV-ft  SEX:  HALE 

DAYS:  1S1  PATES:  SOCDULED  SACRIFICE 


AMIHAL  ID:  141  142  143  144  145  146  147  148 
OTHER  TISSUES  AND  LESIONS; 

•CDIASTINAL  LN  -  Granuloma  33323323 
mediastinal  LN  -  Hyparplatla  43322324 
ICDIASTINAL  LN  -  Pljpant  33323323 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

HALE  RATS 
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Tabulated  Anisal  Data 


PROJECT  ID;  L62343R  GROUP:  V-R  SEX:  HALE 

1>AVS:  131  FATES:  SCHEDULED  SACRIFICE 


ANIMAL  ID: 


186  187  108 


189  190 


Hyperplaala, goblet  cell 


Reapiralory  epith.cell  Infill 


trachea 


ESOPHAGUS 


PULMONARY  LN 


Granuloma 

Hyperplaala 

Pigment 


LUNG 

EpI  chel  lifii,hype'plaala 
Inf  lanmat  lon,granulcmatoui 
Inf lamaac lon,par ivaacular 
Lyi^bold  1 1 saue, granuloma 
Lynpbold  1 1 aaue, hyperplaala 
PlgnenC 


Cardiomyopathy 


ANIMAL  tb; 

URINARY  BLADOSt 

Transitional  apith.call  Infllt 
Calculus, micro  observation 


181  182  183  184  185  186  187  <88  189  190 


N  N  N 


N  N  N 


STOMACH 


LIVER 

Cellular  Inf  1 1 trate.per ipor tal 
Hepa tocy ta , necros I s 
Hapatocyta, vacuol ,cyto 
Hapatodlaphragaatlc  nodule 


nhnnnnnn 


SPLEEN 


Kiosev 

Hyaline  droplets 


*<*‘HNMHNMNN 

"hhnnhmnnm 

111111111, 

“"nnnmmmnn 

"NNMMMNMNH 

1***NNMMNMMN 
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Tabulated  Animal  Data 


GROUP:  V-R  SEX:  MALE 

FATES:  SCHEDULED  SACRIFICZ  % 


PROJECT  ID:  L62343R 
DAYS:  131 


I 
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T&bulatttd  Animal  Data 


PROJECT  ID:  LA2S43R 
OATS:  131 


GROUP;  V-lt  SEX:  MALE 

PATES:  SCHEDULED  SACRIFICE 


ANIMAL  ID; 


OTHER  TISSUES  AND  LESIONS: 


MEDIASTINAL 

MEDIASTINAL 

MEDIASTINAL 


LN  -  Grarxiloma 
LN  -  tM^parplasla 
LN  -  PIgaant 


iai 


182 


183 


ISA 


185 


ISA 


18/ 


188 


189 


190 


4  4  4  4 
3  4  3  3 
3  4  3  3 


4  4  4 

3  2  2 

3  2  2 


3  2 

2  2 

2  2 


2 

2 
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CORRELATION  OF  GROSS  AND  MICROSCOPIC  (MICRO)  FINDINGS 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID:  L062343  GROUP;  I 

SEX:  MALE 

DAYS:  89 

ANIMAL  ID:  001  PATHOLOGY  ID.  NO:  915222-001  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 


ANIMAL  ID:  002  PATHOLOGY  ID.  NO:  915222-002  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID:  003  PATHOLOGY  ID.  NO:  915222-003  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID:  004  PATHOLOGY  ID.  NO:  915222-004  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 


REFERENCE  TO  NECROPSY  RECORD 


RELATED  HISTOPATHOLOGY 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L062343  GROUP:  I 

SEX:  MALE 

DAYS;  89 

ANIMAL  ID:  005  PATHOLOGY  ID. 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


NO:  915222-005  PATHOLOGIST:  MT 
DAYS  ON  TEST: 89 


REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID: 
ANIMAL  FATE: 


006  PATHOLOGY  ID.  NO:  915222-006  PATHOLOGIST:  MT 

SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 89 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 


ANIMAL  ID;  007  PATHOLOGY  ID.  NO; 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


915222-007  PATHOLOGIST;  MT 
DAYS  ON  TEST: 89 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 


ANIMAL  ID;  008  PATHOLOGY  ID.  NO:  915222-008  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 

>TISSUE  NOS,  ABDOMINAL  -  MASS,  5X5X2  TISSUE  NOS-  Fat,  necrosis 
MM,  TAN 


>LIVER,  MEDIAN  LOBE  -  NODULE,  RED 


LIVER-  Hepatodiaphragmatic  nodule 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L062343  GROUP;  I 

SEX:  MALE 

DAYS:  89 

ANIMAL  ID:  009  PATHOLOGY  ID.  NO:  915222-009  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LIVER,  MEDIAN  LOBE  -  NODULE,  4X2X1  LIVER-  Hepatodiaphragmatic  nodule 
MM 


ANIMAL  ID:  010  PATHOLOGY  ID.  NO:  915222-010  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 


REFERENCE  TO  NECROPSY  RECORD 
>MESENTERY  -  NODULE,  RED 


RELATED  HISTOPATHOLOGY; 
MESENTERY-  LN,  congestion 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L062343  GROUP:  II  SEX:  MALE  DAYS:  89 


ANIMAL  ID:  041  PATHOLOGY  ID.  NO:  915222-041  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>KIDNEYS,  BILATERAL  -  MOTTLED  KIDNEY-  Hyaline  droplets 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
4X4X2  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LUNG  -  LESION,  MOTTLED  LUNG-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

3X3X2  MM,  BLACK  PULMONARY  LN-  Pigment 


ANIMAL  ID:  042  PATHOLOGY  ID.  NO:  915222-042  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
black  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  PULMONARY  LN-  Hyperplasia, 
ENLARGED,  BLACK  PULMONARY  LN-  Pigment 

>LUNG  -  LESION,  BLACK,  MOTTLED  LUNG-  Pigment 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L062343  GROUP:  II 

SEX:  MALE 

DAYS:  89 

ANIMAL  ID:  043  PATHOLOGY  ID.  NO:  915222-043  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 


REFERENCE  TO  NECROPSY  RECORD: 

>LIVER,  MEDIAN  LOBE  -  NODULE,  6X3X3 
MM 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


RELATED  HISTOPATHOLOGY: 

LIVER-  Hepatodiaphragmatic  nodule 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  044  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
6X5X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
6X5X4  MM,  BLACK 


ID.  NO:  915222-044  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG  -  LESION,  MOTTLED 


LUNG-  Pigment 
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correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L062343  GROUP:  II  SEX:  MALE  DAYS:  89 


ANIMAL  ID:  045  PATHOLOGY  ID.  NO:  915222-045  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
6X6X3  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LUNGS  -  LESION,  MOTTLED  LUNG-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

5X5X4  MM,  BLACK  PULMONARY  LN-  Pigment 


A14IMAL  ID:  046  PATHOLOGY  ID.  NO:  915222-046  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  S/.CRIFICE 

DAYS  ON  TEST; 89 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL  MEDIASTINAL  LN-  Hyperplasia, 

-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  No  section  taken 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED  LUNG-  Pigment 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L062343  GROUP:  II 


SEX:  MALE  DAYS:  89 


ANIMAL  ID:  047  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
6X5X2  MM,  BLACK 

>LUNGS  -  LESION,  MOTTLED,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
10X6X5  MM,  BLACK 


ID.  NO:  915222-047  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

LUNG-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


ANIMAL  ID:  048  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  LEFT  - 
ENLARGED,  5X5  MM,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL 
ENLARGED,  5X5  MM,  BLACK 


ID.  NO:  915222-048  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

LUNG-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PUUIONARY  LN-  Pigment 


] 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L062343  GROUP:  II  SEX:  MALE  DAYS:  89 


ANIMAL  ID:  049  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


ID.  NO:  915222-049  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  050  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-050  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PUmONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG  -  LESION,  BLACK,  MOTTLED 


LUNG-  Pigment 


PATHOT/^GV  A<i*!GGTA'T’P‘!  TMP 

THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID:  L062343  GROUP:  III 

SEX:  MALE 

DAYS:  89 

ANIMAL  ID:  081  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
6X5X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X5X4  MM,  BLACK 

>LUNG  -  LESION,  MOTTLED 


ID.  NO:  915222-081  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  082  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-082  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG  -  LESION,  BLACK,  MOTTLED 


LUNG-  Pigment 


i 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L062343  GROUP:  III 

ANIMAL  ID:  083  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
6X5X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X5X3  .^-i,  BLACK 

>LUNG  -  LESION,  MOTTLED 


SEX:  MALE  DAYS:  89 

_  i 

ID.  NO:  915222-083  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY : 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 

PULMONARY  LN-  Pigment 

I’  G-  Pigment 


ANIMAL  ID:  084  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-084  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PUmONARY  LN-  Pigment 


>LUNG  -  LESION,  BLACK,  MOTTLED 


LUNG-  Pigment 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L062343  GROUP:  III 

ANIMAL  ID:  085  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


SEX:  MALE  DAYS:  89 

ID.  NO:  915222-085  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY : 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  086  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 


ID.  NO:  915222-086  PATHOLOGIST;  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY; 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 


>LUNG  -  LESION,  BLACK,  MOTTLED 


LUNG-  Pigment 
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PROJECT  ID;  L062343  GROUP:  III  SEX:  MALE  DAYS:  89 


ANIMAL  ID:  087  PATHOLOGY  ID.  NO:  915222-087  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
6X5X4  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

6X5X5  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG  -  LESION,  MOTl LED  LUNG-  Pigment 


ANIMAL  ID:  088  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


ID.  NO:  915222-088  PATHOLOGIST;  MT 

DAYS  ON  TEST; 89 

RELATED  HISTOPATHOLOGY' 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 
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PROJECT  ID:  L062343  GROUP:  III 


SEX:  MALE  DAYS:  89 


ANIMAL  ID:  089  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
11X6X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X5X3  MM,  BLACK 

>LUNG  -  LESION,  MOTTLED 


ID.  NO:  915222-089  PATHOLOGIST;  MT 

DAYS  ON  TEST; 89 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  090  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
12X8X5  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X4X3  MM,  BLACK 


ID.  NO:  915222-090  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNGS  -  LESION,  MOTTLED 


LUNG-  Pigment 
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ANIMAL  ID:  121  PATHOLOGY  ID.  NO:  915222-121  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY ; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
6X5X4  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PUIUONARY  LN-  Hyperplasia, 

5X4X3  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG  -  LESION,  MOTTLED  LUNG-  Pigment 


ANIMAL  ID:  122  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
8X7X5  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
6X5X4  MM,  BLACK 

>LUNG  -  LESION,  MOTTLED 


ID.  NO;  915222-122  PATHOLOGIST:  MT 

DAYS  ON  TEST; 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 
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PROJECT  ID:  L062343  GROUP:  IV 

SEX:  MALE 

DAYS:  89 

ANIMAL  ID;  123  PATHOLOGY  ID.  NO;  915222-123  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 


REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL  MEDIASTINAL  LN-  Hyperplasia, 
-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  PULMONARY  LN-  Hyperplasia, 
ENLARGED,  BLACK  PULMONARY  LN-  Pigment 

^  >LUNG  -  LESION,  BLACK,  MOTTLED  LUNG-  Pigment 


ANIMAL  ID:  124  PATHOLOGY  ID.  NO:  915222-124  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 
RELATED  HISTOPATHOLOGY: 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
4X3X2  MM,  BLACK 

>LUNGS  -  LESION,  MOTTLED 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

LUNG-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 
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PROJECT  ID;  L062343  GROUP:  IV  SEX;  MALE  DAYS;  89 


ANIMAL  ID;  125  PATHOLOGY  ID.  NO:  915222-125  PATHOLOGIST;  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  UNILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  126  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


ID.  NO:  915222-126  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 
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PROJECT  ID:  LO 62343  GROUP:  IV 


SEX:  MALE  DAYS:  89 


ANIMAL  ID:  127  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LUNG  -  LESION,  MOTTLED,  BLACK 


ID.  NO:  915222-127  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY : 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  128  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPK  NODE,  MEDIASTINAL  -  ENLARGED, 
6X5X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X5X4  MM,  BLACK 


ID.  NO:  915222-128  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG  -  LESION,  MOTTLED 


LUNG-  Pigment 
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PROJECT  ID;  L062343  GROUP;  IV 

SEX:  MALE 

DAYS;  89 

ANIMAL  ID:  129  PATHOLOGY  ID 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LIVER,  LEFT  LATERAL  LOBE  -  FOCUS, 
1X1  MM,  WHITE 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
6X5X4  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  5 
MM  DIAMETER,  BLACK 

>LUNG  -  LESION,  MOTTLED 


NO;  915222-129  PATHOLOGIST;  MT 

DAYS  ON  TEST: 89 
RELATED  HISTOPATHOLOGY: 

LIVER-  Hepatocy te , vacuol , cyto 

MEDIASTINAL  LN-  Hyperplajsi  »  . 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  130  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-130  PATHOLOGIST;  MT 

DAYS  ON  TEST; 89 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PUIMONARY  LN-  Pigment 

LUNG-  Pigment 


>LUNG  -  LESION,  MOTTLED,  BLACK 
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PROJECT  ID: 


L062343 


GROUP:  V 


SEX:  MALE 


DAYS:  89 


ANIMAL  ID:  161  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
5X5X2  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


ANIMAL  ID:  162  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-161  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ID.  NO:  915222-162  PATHOLOGIST:  MT 

DAYS  ON  TEST: 8? 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  IN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNGS  -  LESION,  BLACK,  MOTTLED 


LUNG-  Pigment 


( 
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PROJECT  ID;  L062343  GROUP:  V 


SEX:  MALE 


DAYS:  89 


ANIMAL  ID;  163  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENIARGED, 
5X5X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
4X4X3  MM,  BLACK 

>LUNGS  -  LESION,  MOTTLED 


ID.  NO;  915222-163  PATHOLOGIST;  MT 

DAYS  ON  TEST; 89 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  164  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-164  PATHOLOGIST;  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNGS  -  LESION,  BLACK,  MOTTLED 


LUNG-  Pigment 
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PROJECT  ID:  L062343  GROUP;  V  SEX:  MALE  DAYS:  89 


ANIMAL  ID:  165  PATHOLOGY  ID.  NO:  915222-165  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LyMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

11X6X5  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG  -  LESION,  MOTTLED  LUNG-  Pigment 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED  MEDIASTINAL  LN-  Hyperplasia, 

MEDIASTINAL  LN-  Pigment 


ANIMAL  ID:  166  PATHOLOGY  ID.  NO:  915222-166  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 89 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
5X5X2  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LUNG  -  LESION,  BLACK,  MOTTLED  LUNG-  Pigment 

>LyMPH  NODE,  BRONCHIAL  -  ENLARGED,  PUIUONARY  LN-  Hyperplasia, 

black  PULMONARY  LN-  Pigment 
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PROJECT  ID:  L062343  GROUP:  V  SEX:  MALE  DAYS:  89 


ANIMAL  ID:  167  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG  -  LESION,  BLACK,  MOTTLED 


ID.  NO:  915222-167  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY : 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PUUdONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  168  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD; 

>LUNG  -  LESION,  BLACK,  MOTTLED 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 


ID.  NO:  915222-168  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 
RELATED  HISTOPATHOLOGY: 

LUNG-  Pigment 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 
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PROJECT  ID:  L062343  GROUP:  V 


SEX:  MALE  DAYS:  89 


ANIMAL  ID:  169  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LIVER,  MEDIAN  LOBE  -  NODULE,  4X3X1 
MM,  RED 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
7X5X4  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X4X3  MM,  BLACK 

>LUNG  -  LESION,  MOTTLED 


ID.  NO;  915222-169  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 
RELATED  HISTOPATHOLOGY: 

LIVER-  Hcpatodiaphragmatic  nodule 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  170  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


ID.  NO:  915222-170  PATHOLOGIST:  MT 

DAYS  ON  TEST: 89 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


>LUNGS  -  LESION,  MOTTLED,  BLACK 
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PROJECT  ID;  L62343R  GROUP;  I-R  SEX;  MALE 


DAYS; 


131 


ANIMAL  ID;  021  PATHOLOGY  ID.  NO;  915222-021  PATHOLOGIST;  MT 

AJIIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 


ANIMAL  ID;  022  PATHOLOGY  ID.  NO;  915222-022  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 


ANIMAL  ID;  023  PATHOLOGY  ID.  NO;  915222-023  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 


ANIMAL  ID;  024  PATHOLOGY  ID.  NO;  915222-024  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 


REFERENCE  TO  NECROPSY  RECORD 


RELATED  HISTOPATHOLOGY 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  S"UDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  I-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID:  PATHOLOGY  ID.  NO:  915222-025  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCR^ULED  SACRIFICE 

DAYS  ON  TEST:  131 

REFERENCE  TO  NECROP^  RECORD :  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID:  026  PATHOLOGY  ID.  NO:  915222-026  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID;  027  PATHOLOGY  ID.  NO:  915222-027  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID:  028  PATHOLOGY  ID.  NO:  915222-028  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 


REFERENCE  TO  NECROPSY  RECORD 


RELATED  HISTOPATHOLOGY 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP;  I-R  SEX;  MA!;,^  DAYS;  131 


ANIMAL  ID;  029  PATHOLOGY  ID.  NO: 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


915222-L29  PATHOLOGIST;  MT 

j 

DAYS  ON  TEST: 131 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


ANIMAL  ID;  030  PATHOLOGY  ID.  NO; 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


915222-030  PATHOLOGIST;  MT 
DAYS  ON  TEST: 131 


REFERENCE  TO  NECROPSY  RECORD; 


RELATED  HISTOPATHOLOGY: 


PATHOTOGY  A‘;<!OGTATt’5  TNP 

THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID;  L62343R  GROUP:  II-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID;  061  PATHOLOGY  ID.  NO;  915222-061  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

6X6X7  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

3X3X4  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  GRAY,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  062  PATHOLOGY  ID.  NO;  915222-062  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  No  section  taken 
BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK,  UJNG-  Pigment 

MOTTLED 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R 


GROUP:  II-R 


SEX:  MALE 


DAYS:  131 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


DAYS  ON  TEST: 131 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hype)  'asia, 
MEDIASTINAL  LN-  Pigme 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  063  PATHOLOGY  ID.  NO:  915222-063  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


ANIMAL  ID:  064  PATHOLOGY  ID.  NO:  915222-064  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAI,,  BILATERAL  MEDIASTINAL  LN-  Hyperplasia, 

-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  II-R  SEX:  MALE  DAYS;  131 


ANIMAL  ID:  065  PATHOLOGY  ID.  NO:  915222-065  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

8X5X4  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

6X4X3  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  GRAY,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  066  PATHOLOGY  ID.  NO;  915222-066  PATHOLOGIST;  MT 

ANIMAL  FATL.  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL  MEDIASTINAL  LN-  Hyperplasia, 

-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  PUIUONARY  LN-  Hyperplasia, 
ENLARGED,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  MOTTLED,  LUNG-  Pigment 
GRAY 


PATHOT/^i^V  A<;€;A0T  ATPQ  TMP 

THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDX  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 

PROJECT  ID:  L62343R  GROUP:  II-R  SEX:  MALE 

DAYS: 

:  131 

_  • 

ANIMAL  ID:  067  PATHOLOGY  ID.  NO:  915222-067  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 


REFERENCE  TO  NECROPSY  RECOR"';  RELATED  HISTOPATHOLOGY ; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  068  PATHOLOGY  ID.  NO:  915222-068  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL  MEDIASTINAL  LN-  Hyperplasia, 

-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  PULMONARY  LN-  Hyperplasia, 
ENLARGED,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  GRAY,  LUNG-  Pigment 

MOTTLED 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 

PROJECT  ID:  L62343R  GROUP:  II-R  SEX:  MALE 

DAYS:  131 

ANIMAL  ID:  069  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERA:  -  LESION,  BLACK, 
MOTTLED 


ID.  NO:  915222-069  PATHOLOGIST:  MT 

DAYS  ON  TEST: 131 

RELATED  HISTOPATHOLOGY : 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  070  PATHOLOGY  ID 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


NO:  915222-070  PATHOLOGIST:  MT 

DAYS  ON  TEST: 131 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L62343R  GROUP;  III-R 

SEX:  MALE 

DAYS:  131 

-  « 

ANIMAL  ID:  101  PATHOLOGY  ID.  NO:  915222-101  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  102  PATHOLOGY  ID.  NO:  915222-102  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PUUIONARY  LN-  Pigment 


>LUN6,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


LUNG-  Pigment 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  III-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID:  103  PATHOLOGY  ID.  NO:  915222-103  PATHOLOGIST;  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  MOTTLED,  LUNG-  Pigment 

BLACK 


ANIMAL  ID;  104  PATHOLOGY  ID.  NO:  915222-104  PATHOLOGIST;  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

5X4X3  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LyMPH  NODE,  BRONCHIAL  -  ENLARGED,  PUIMONARY  LN-  Hyperplasia, 

5X4X3  MM,  BLACK  PUIMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  GRAY,  LUNG-  Pigment 

MOTTLED 


PATHOT/^GY  TNG 

THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID;  L62343R  GROUP:  III-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID:  105  PATHOLOGY  ID.  NO:  915222-105  PATHOLOGIST;  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL  MEDIASTINAL  LN-  Hyperplasia, 

-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  PUI>IONARY  LN-  Hyperplasia, 
ENLARGED,  BLACK  PULMONARY  JJti-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  106  PATHOLOGY  ID.  NO:  915222-106  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PUmONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  SLACK,  LUNG-  Pigment 

MOTTLED 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  III-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID:  107  PATHOLOGY  ID.  NO:  915222-107  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

7X5X4  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

5X5X3  MM,  BLACK  PULMONARY  LN-  Pigment 

>EYE,  RIGHT  -  LESION,  DIFFUSE,  WHITE  EYE-  Cataract 

>LUNG,  BILATERAL  -  LESION,  MOTTLED,  LUNG-  Pigment 
BLACK 


ANIMAL  ID:  108  PATHOLOGY  ID.  NO:  915222-108  PATHOLOGIST:  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL,  BIIATERAL  MEDIASTINAL  LN-  Hyperplasia, 

-  ENLARGED,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  -  PULMONARY  LN-  Hyperplasia, 
ENLARGED,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


1 


PATHOLOGY  ASSOCIATES,  INC. 

THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L62343R  GROUP;  III-R 

SEX;  MALE 

DAYS;  131 

ANIMAL  ID;  109  PATHOLOGY  ID.  NO;  915222-109  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 


REFERENCE  TO  NECROPSY  RECORD; 


RELATED  HISTOPATHOLOGY: 


>LYM^H  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
6X5X3  MM,  BLACK  MEDIASTINAL  LN-  Pigment 


>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X4X2  MM,  BLACK 

>LUNG,  BILATERAL  -  LESION,  GREY, 
MOTTLED 


PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


i 


LUNG-  Pigment 


ANIMAL  ID;  110  PATHOLOGY  ID.  NO;  915222-110  PATHOLOGIST;  MT 


ANIMAL  FATE;  SCHEDULED  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 


DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


PATHOtiOGY  ASSnPTATF*;  TMP 

THIRTEEN-WEEK  INHALATION  TOXICITY ' STUDY  WITH  AEROSOL 
MIXTURES  OF  FOG  OIL  AND  GRAPHITE  PARTICLES  IN  F344/N 

MALE  RATS 

IITRI  PROJECT  NUMBER  L06234,  STUDY  NUMBER  3 


Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  IV-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID:  141  PATHOLOGY  ID.  NO:  915222-141  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment: 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PUUiONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  142  PATHOLOGY  ID.  NO:  915222-142  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLsKSY : 

>LYMPH  NODE,  MEDIASTINAL  -  ENLK,'':fiD,  MEDIASTINAL  LN-  Hyperplasia, 

6X4X3  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PUmONARY  LN-  Hyperplasia, 

7X5X2  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 
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Correlation  of  Gross  6  Micro  Findings 


PROJECT  ID;  L62343R  GROUP;  IV-R  SEX;  MALE  DAYS;  131 


ANIMAL  ID;  143  PATHOLOGY  ID.  NO;  915222-143  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY ; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID;  144  PATHOLOGY  ID.  NO;  915222-144  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD;  RELATED  HISTOPATHOLOGY; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

5X4X2  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PUmONARY  LN-  Hyperplasia, 

BLACK  PUmONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  GRAY,  LUNG-  Pigment 

MOTTLED 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  IV-R  SEX:  MALE  DAYS:  131 


ANIMAL  ID:  145  PATHOLOGY  ID 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED 
6X5X4  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
5X4X4  MM,  BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


MO;  915222--145  PATHOLOGIST:  MT 

DAYS  ON  TEST: 131 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  146  PATHOLOGY  ID 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 


NO;  915222-146  PATHOLOGIST:  MT 

DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


LUNG-  Pigment 


i 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L62343R  GROUP;  IV-R 

SEX;  MALE 

DAYS;  131 

ANIMAL  ID;  147  PATHOLOGY  ID 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL  -  ENTJ^GED 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


NO;  915222-147  PATHOLOGIST;  MT 

DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY ; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PUUIONARY  LN-  Hyperplasia, 
PUmoNARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  148  PATHOLOGY  ID 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  - 
ENLARGED,  BLACK 

>LUNG,  BILATERAL  -  LESION,  MOTTLED, 
BLACK 


NO;  915222-148  PATHOLOGIST;  MT 

DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  IV-R 


SEX:  MALE 


DAYS;  131 


ANIMAL  ID;  149  PATHOLOGY  ID.  NO:  915222-149  PATHOLOGIST;  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST; 131 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY; 


>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 


5X4X2  MM,  BLACK 

>LyMPH  NODE,  BRONCHIAL  -  ENLARGED, 
8X7X3  MM,  BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


MEDIASTINAL  LN-  Pigment 

PUmONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  150  PATHOLOGY  ID.  NO:  915222-150  PATHOLOGIST;  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY: 


>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
BLACK  MEDIASTINAL  LN-  Pigment 


>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID:  L62343R  GROUP;  V-R 

SEX:  MALE 

DAYS:  131 

ANIMAL  ID;  181  PATHOLOGY  ID.  NO:  915222-181  PATHOLOGIST;  MT 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 
RELATED  HISTOPATHOLOGY; 


REFERENCE  TO  NECROPSY  RECORD: 


>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
BLACK  MEDIASTINAL  LN-  Pigment 


>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERAL  -  LESION,  GRAY, 
MOTTLED 


PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  182  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


ID.  NO;  915222-182  PATHOLOGIST;  MT 

DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PUIMONARY  LN-  Pigment 

LUNG-  Pigment 


PATH0r,0(iV  AQ‘?OPTATPQ  TMP 
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Correlation  of  Gross  &  Micro  Findings 


PROJECT  ID:  L62343R  GROUP:  V-R  SEX:  MALE  DAYS:  131 

•  - 

ANIMAL  ID:  183  PATHOLOGY  ID.  NO:  915222-183  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
10X5X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
6X4X3  MM,  BLACK 

>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


DAYS  ON  TEST: 131 

RELATED  HISTOPATHOLOGY : 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID:  184  PATHOLOGY  ID 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED 
8X6X3  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 


NO:  915222-184  PATHOLOGIST;  MT 

DAYS  ON  TEST: 131 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


LUNG-  Pigment 
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Correlation  of  Gross 

&  Micro  Findings 

PROJECT  ID;  L62343R  GROUP;  V-R 

SEX;  MALE 

DAYS;  131 

ANIMAL  ID;  185  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LIVER,  MEDIAN  LOBE  -  MASS,  16X10X12 
MM 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
6X4X2  MM,  BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
7X5X4  MM,  BLACK 

>LUNG,  BILATERAL  -  LESION,  GRAY, 
MOTTLED 


ID.  NO;  915222-185  PATHOLOGIST;  MT 

DAYS  ON  TEST; 131 
RELATED  HISTOPATHOLOGY ; 

LIVER-  Hepatodiaphragmatic  nodule 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 

LUNG-  Pigment 


ANIMAL  ID;  186  PATHOLOGY 

ANIMAL  FATE;  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD; 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED, 
BLACK 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED, 
BLACK 


ID.  NO;  915222-186  PATHOLOGIST;  MT 

DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY; 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PUmONARY  LN-  Hyperplasia, 
PULMONARY  LN-  Pigment 


>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


LUNG-  Pigment 
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ANIMAL  ID:  187  PATHOLOGY  ID.  NO:  915222-187  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  188  PATHOLOGY  ID.  NO:  915222-188  PATHOLOGIST:  MT 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 

DAYS  ON  TEST: 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 

5X4X2  MM,  BLACK  MEDIASTINAL  LN-  Pigment 

>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

6X5X4  MM,  BLACK  PULMONARY  LN-  Pigment 

>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 
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Correlation  of  Gross  & 

Micro  Findings 

PROJECT 

ID; 

L62343R 

GROUP:  V-R 

SEX:  MALE 

DAYS:  131 

ANIMAL 

ANIMAI. 

ID: 

FATE: 

189 

SCHEDULED 

PATHOLOGY  ID. 
SACRIFICE 

NO:  915222-189 

PATHOLOGIST;  MT 

DAYS  ON  TEST; 131 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>LYMPH  NODE,  MEDIASTINAL  -  ENLARGED,  MEDIASTINAL  LN-  Hyperplasia, 
BLACK  MEDIASTINAL  LN-  Pigment 


>LYMPH  NODE,  BRONCHIAL  -  ENLARGED,  PULMONARY  LN-  Hyperplasia, 

BLACK  PULMONARY  LN-  Pigment 


>LUNG,  BILATERAL  -  LESION,  BLACK,  LUNG-  Pigment 

MOTTLED 


ANIMAL  ID:  190  PATHOLOGY 

ANIMAL  FATE:  SCHEDULED  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LYMPH  NODE,  MEDIASTINAL,  BILATERAL 
-  ENLARGED,  BLACK 

>LYMPH  NODE,  BRONCHIAL,  BILATERAL  • 
ENLARGED,  BLACK 


ID.  NO:  915222-190  PATHOLOGIST:  MT 

DAYS  ON  TEST; 131 

RELATED  HISTOPATHOLOGY: 

MEDIASTINAL  LN-  Hyperplasia, 
MEDIASTINAL  LN-  Pigment 

PULMONARY  LN-  Hyperplasia, 
PUIMONARY  LN-  Pigment 


>LUNG,  BILATERAL  -  LESION,  BLACK, 
MOTTLED 


LU  iG-  Pigment 
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SECTION  VI 

QUALITY  ASSURANCE  STATEMENT 


QUALITY  A88URANCB  STATEMBNT 


This  histopathology  project  was  Inspected  and  audited  by  the  PAI 
Quality  Assurance  Unit  (QAU)  as  required  by  the  Good  Laboratory 
Practice  (GLP)  standards  promulgated  by  the  U.S.  Environmental 
Protection  Agency.  Results  of  these  activities  indicate  that  the 
portions  of  the  study  performed  by  PAI  conformed  with  GLP 
standards  and  applicable  standard  operating  Procedures.  The 
pathology  narrative  report  is  an  accurate  reflection  of  the 
recorded  data.  The  following  table  is  a  record  of  the 
inspections/audits  performed  and  reported  by  the  QAU: 


Date  of 
Inepeotion 

Phase  Inspeoted 

Date  Findings  Reported 
to  Management  and 
Study  Pathologist 

**19-Feb-92 

Tissue  Trimming 

20-Feb-92 

*09-DeC-91 

Processing/Embedding 

lO-Dec-91 

*02-Jan-92 

Microtomy 

03-Jan-92 

♦♦28-Jan-92 

Staining 

29-Jan-92 

**28-Jan-92 

Covers lipping 

29-Jan-92 

♦17-Jan-92 

Labeling 

17-Jan-92 

♦12-060-91 

Quality  Control/Checkout 

12-Dec-91 

**12-May-92 

Individual  Animal  Data 

27-May-92 

**12 -May-9 2 

Data  Entry 

2 7 -May-9 2 

**15-May-92 

Computer  Validation 

2 7 -May-9 2 

**27-May-92 

Draft  Pathology  Report 

27-May-92 

**18-Dec-92 

Final  Pathology  Report 

18-Dec-92 

♦General  quarterly  phase  inspection 
♦♦Inspection  specific  for  Study  Number 


In  accordance  with  the  PAI  Quality  Assurance  Division's  Standard 
Operating  Procedures,  all  critical  phase  inspections  are  conducted 
on  a  random  basis  quarterly  or  more  frequently.  Those  general 
phase  inspectior s  listed  are  the  most  recent  conducted  during  the 
period  ecich  task  associated  with  this  project  was  performed. 


,/■  '• 


L'  '  rtiia  1  1  ♦•1/ 


Quality  Assurance  Unit 
PAI  Illinois  Division 


18-Dec-92 


Date 


Thirteen-Week  Inhalation  Toxicity  Study  with  Aerosol  Mixtures  of 
Fog  Oil  and  Graphite  Particles  in  F344/N  Male  Rats,  Project  Number 
L06234,  Study  Number  3 


PART  ONE 


APPENDIX  C 


Inhalation  Toxicity  of  Single  Materials 
and  Mixtures,  Phase  IV. 

Contract  No.  DAMD17-89-C-9043 
IITRI  Project  No.  L06234,  Study  No.  3 


PROTOCOL 


I.  Study  Title!  THIRTBBN-WBEK  INHALATION  TOXICITY  STUDY  WITH 

AEROSOL  MIXTORES  OP  FOG  OIL  AMD  GRAPHITE 
PARTICLES  IN  F344/N  MALE  RATS 


II.  Sponsor  and  Sponsor Representative; 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVEIOPMENT  COMMAND 
JACK  DACRE,  PH.D.,  CONTRACTING  OFFICER'S  TECHNICAL 
•  REPRESENTATIVE  (COTR) 

FREDERICK, '^MARYLAND  21702-5012 


III. 


IV. 


Testing  Laboratory; 

I IT  RESEARCH  INSTITUTE  (IITRI) 
LIFE  SCIENCES  RESEARCH  DEPARTMENT 
10  WEST  35th  STREET 
CHICAGO,  ILLINOIS  60616 


ErQfcg.g.VL  APPEgYfll^ 


1.  Study  Director: 


Date:  ^Izol^  I 


2 .  Study 

Toxicologist: 


John  Drummond 


Date:  - ?/ 


3. 


4. 


Prin.  Invest./ 

Inhalation  Tox.: 

Catherine  Aran/i 


Date:  3 ~30  '£ i 


Manager, 

Quality 

Assurance: 


5.  Sponsor  (COTR): 


D'ff-Jack  Dacre 


Date:  •  I  •  <JJ 


IIT  RESEARCH  INSTITUTE 
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PHIVPROT.SN3 


V.  Qbl^fiUYi: 

This  study  is  conductsd  to  dstonino  If  a  thirtaan-vaak 
Inhalation  axpoaura  of  rata  to  nlxturaa  of  aaroaola  of  a 
patrolaua-basad  liquid  (fog  oil)  and  a  solid  particulata 
(graphita)  vill  raault  in  synargistic,  antagonistic,  or  additiva 
af facts  in  salactad  biologic  and  points. 

As  in  tha  Phasa  III  study  (SN  2),  a  single  daily  duration  (4 
hr/day)  and  vaakly  fraquancy  (4  axposuras  par  vsak)  vill  ba  usad 
for  tha  thirtaan-waak  axposura  study  which  vill  ba  conducted  with 
nala  P344/M  rats.  Biologic  and  points  vill  include  pulsonary 
lavaga  parasatars,  salactad  pulsonary  function  parasatars,  lung 
weights,  histopathology,  and  clinical  pathology.  These  and 
points  will  ba  evaluated  in  aniaals  sacrificed  within  24  hrs 
after  tha  last  axposura  and  after  a  six-weak  recovery  period. 
All  anisals  on  test  vill  be  sonitorad  for  in-life  clinical  signs, 
body  weights,  and  selected  groups  for  food  consusption. 


VI.  Routaiof  Exposure  and  Rationale t 

Whole  body  inhalation  axposura  was  salactad  in  order  to  sost 
closoly  approxisata  the  axposura  route  of  silitary  personnel  to 
airborne  satarials  under  field  conditions. 


VII.  Propoasd  .ScheduLa  of  Events; 


MM 


Anlaal  Receipt: 

Quarantine  Period: 

Quarantine  Necropsy  and 
Pra-axposura  Health 
Exaslnation: 

Randosization  and 
Identification: 

First  Day  of  Exposures: 

Body  Waiohts  and  Clinical 
Observations: 


Nortallty/Moribund ity 
Observations: 

Non-axposura  Holidays: 


_ CAlEiSJ _ 

weak  of  09/23/91 

receipt  (weak  of  09/23/91)  - 
10/06/91 


10/04/91 


10/03-04/91 

10/07/91 


10/7,11,18,25/91 

11/1,8,15,22,29/91 

12/6,13,20,27/91 

01/3,10,17,24,31/92 

02/7,14/92 


Daily  10/07/91-02/15/92 
11/28/91,  12/25/91,  01/01/92 
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01/03/92 


Last  Day  of  Expoauraa*: 

Poat-Exposuro  Assays 
(prscsdsd  by  final  body 
vslghts) : 


PulBonary  Lavags  Paraaatars/ 

Pulaonary  Function:  01/03 -04/S2 

Pathology/Clin.  Path.:  01/03/92 


Post-Rscovsry  Assays 
(prscsdsd  by  final  body 
veights) : 


Pulaonary  Lavaga  Paraaetirs/ 

Pulaonary  Function:  02/l4**l5/92 

Pathology/Clin.  Path.:  02/14/92 


VIII.  Taat  Subatancss: 


1.  Idantification: 

a.  Typa  II  Craphita 

I 

Lot  Mo.  7154B 

b.  Fog  Oil,  a  pstrolaua-based  liquid  [PBL] 

Shipping  Cods  No.  SGF-2,  MIL-F-12070C  «  AM  2, 
9150-00-261-7895 

Lot  12,  0LA-400-87-C-1658 


2.  Rsceipt: 

Ths  test  substances  were  supplied  by  the  Sponsor  (U.S.  Aray, 
Bioaedical  Research  and  Development  Laboratory,  Fort 
Detrick,  Frederick,  ND)  and  shipped  from  Aberdeen  Proving 
Ground,  ND  (PBL)  and  Chamberlain  KRC,  Hunt  Valley,  ND 
(graphite) .  A  fiber  board  drum  containing  a  total  of  120  lb 
of  the  graphite  powder  was  received  on  September  9,  1991. 
The  fog  oil  was  received  in  one  55  gallon  steel  drum  on  Nay 
1,  1989. 


3.  Storage: 

Both  test  substances  will  be  stored  in  the  original  shipping 
containers  at  ambient  room  temperature  (approx.  22 *C)  in  a 
secure  area. 


*  Exposure  terminations  are staggered: See  Attachment  A  and 
Section  XI  for  details. 


;• 
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4.  Assay: 


Tha  sponsor  Is  rssponsibls  for  all  chsnical  analyses 
pertaining  to  the  characterization,  stability  and 
hoeogeneity  of  the  bulk  test  substances  and  attendant 
docueentatlon. 

5.  Handling  and  Hazards  to  Personnel: 

Psrsonnel  will  veer  a  laboratory  ssock,  latex  gloves,  a 
respirator  fitted  vith  HEPA  filter  cartridges,  and  eye 
protection  when  working  vith  the  neat  test  substances, 
unless  other  infomation  is  provided  by  the  Sponsor. 

6.  Disposition: 

All  quantities  of  test  substances  which  are  dispensed  will 
be  docunented  (SOP:  LSM-012).  At  the  time  of  the 
acceptance  of  the  final  report  by  the  Sponsor,  arrangements 
will  be  made  for  proper  disposal  or  the  return  of  residual 
test  substances  to  the  Sponsor;  IITRI  will  not  be  required 
to  retain  any  samples.  A  reserve  sample  will  be  sent  to  the 
Sponsor  upon  initiation  of  the  study  and  retained  by  the 
Sponsor. 


IX.  inhftifttign  txpgsvirf: 

1.  Inhalation  Exposure  Laboratories: 

The  supply  air  for  the  laboratories  and  inhalation  e}posure 
chambers  is  preconditioned  and  automatically  controlled  vith 
a  thermostat  and  humidistat  to  maintain  the  temperature  and 
humidity  ranges  of  24±3*C  and  50±20%RH.  The  single-pass 
conditioned  room  air  is  introduced  into  the  chambers  through 
individual  inlet  filter  assemblies  consisting  of  a  coarse 
filter  and  a  HEPA  filter. 

The  exhaust  from  the  individual  aerosol  exposure  chambers 
passes  through  a  bag-type  large  surface  area  pre-filter, 
followed  by  a  HEPA  filter  and  connected  by  flexible  ducting 
to  a  common  20  cm  diameter  duct.  The  combined  exhaust  is 
moved  by  a  pressure  blower  and  exhausted  outside  the 
building.  Each  chamber  airflow  is  individually  controlled 
with  a  gate  valve  and  monitored  with  a  calibrated  orifice 
meter  located  downstream  of  the  filter.  Exhaust  filter 
loading  is  monitored  by  determining  pressure  drop  across  the 
filters  with  a  magnahellc  pressure  differential  gauge. 

The  inhalation  chambers  will  be  operated  at  an  air  flow  rate 
of  approximately  500  liters  per  minute  and  maintained  at  a 
pressure  that  is  negative  to  the  laboratory  environment. 

The  chamber  used  for  the  control  animals  is  located  in  a 
separate  laboratory  with  an  exhaust  system  which  is 
independent  of  the  experimental  test  chambers. 
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2.  Daily  Exposure  Schsduls  and  Chaabar  Assignaant: 

Tha  study  will  ba  conducted  in  five  Rochastar-typa 
inhalation  axposura  chaabars.  Tha  fog  oil  aarosol  target 
concantrations  will  ba  250,  500,  and  1000  wq/wrj  tha 
graphite  aarosol  target  concentration  will  ba  lOO  and  200 
mq/w?,  Control  aniaals  will  be  exposed  to  filtered  air. 
Exposures  vill  be  conducted  for  4  hr/day  and  axposura 
frequencies  vill  ba  four  tines  per  vaelc.  Exposures  vill  not 
ba  conducted  on  holidays. 


3.  Test  Ataosphare  Generation: 

Tha  tvo  aarosol  generators  enployed  in  these  studies  vere 
developed  at  OaX  Ridge  National  Laboratories  (ORNL) .  The 
tvo  generation  systeas  are  interfaced  in  a  "Y"  section  of 
the  aerosol  transport  flexible  ducting  just  prior  to  the 
chaaber  inlet  aixing  plenum.  Each  generation  systea  (PEL 
and  Graphite)  is  operated  independently.  Individual  aerosol 
generation  systems  are  used  for  each  inhalation  exposure 
chamber  (SOP:  MBIH-lll) . 

3.1.  Tha  Liquid  Aerosol  Generator: 

The  liquid  aerosol  generator  for  the  petroleua-based  fog  oil 
is  a  modification  of  a  generator  developed  at  ORNL  for 
producing  an  aerosol  from  diesel  fuel.  The  generator 
employs  an  evaporative/condensation  technique  and  consists 
of  an  immersion  heater  aounted  inside  of  a  stainless  steel 
tube.  Temperature  of  tha  heater  is  autoaatically 
controlled.  The  test  substance  (PBL)  is  introduced  at  a 
controlled  rate  by  a  aster ing  pump  vhich  deteraines  aerosol 
concentration  onto  the  iaaersion  heater  and  transported  to 
the  chamber  aerosol  inlet  by  nitrogen  carrier  gas. 

3.2  The  Graphite  Particulate  Aerosol  Generator: 

The  graphite  aerosol  generation  systea  consists  of  a 
coapressed  air-driven  jetaill  dispersing  unit  fed  by  a  screv 
feeder  vhich  controls  the  delivery  rate  of  the  test  sub¬ 
stance  bulk  aaterial.  The  generator  is  interfaced  to  the 
chamber  air  supply  through  a  glass  tee  vhich  removes  large 
particles.  The  fine  particles  are  transported  to  the 
chamber  aerosol  inlet. 

4.  Test  Atmosphere  Monitoring: 

4.1  Aerosol  Mass  Concentration: 

The  aerosol  mass  concentration  in  each  chaaber  vill  be 
determined  by  collecting  the  aerosol  on  45  am  diameter 
glass-fiber  filters  placed  in  a  close  face  plastic  filter 
holder  and  pre-veighed  vlth  an  analytical  balance.  In 
addition,  one  filter-collected  82unple  vill  be  chosen  at 
random  for  each  day  from  each  of  the  chambers  containing 
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4.2 


4.3 


4.4 


4.5 


PBVCraphit*  Bixturas  and  analyzad  chenically  to  dataraina 
tha  aaount  of  PBL  aaroaol.  Tha  aamplaa  will  ba  collactad  at 
a  constant  flow  rata  using  a  posltlva  dlsplacasant 
diaphraga-typa  vacuum  air  puap.  A  dry  gas  aatar  connaetad  | 
to  tha  positiva  prassura  sida  of  tha  puap  will  ba  usad  to 
racord  tha  corrasponding  total  voluaa  of  chaabar  air 
saaplad.  Saaplas  from  individual  chaabars  will  ba  collactad 
at  a  ainiauB  of  onca  par  hour  during  aach  aniaal  axposura 
pariod  (KB1H-2R2). 

At  tha  outlat  of  tha  liquid  and  solid  aarosol  generators ,  ^ 
back-scattering  photosensors  will  ba  usad  for  monitoring  tha 
generator  operation.  These  sensors  will  ba  aaployad  as 
raal-tiaa  indicators  of  short  tarn  changes  in  aarosol 
concentration  and  usad  in  guiding  laboratory  personnel  in 
Baking  necessary  adjustaants  in  generator  settings  if 
concentration  excursions  are  encountered  (SOP:  NBIB-7R1).  i 

Aerosol  Particle  Size: 

Aerosol  particle  size  distribution  will  ba  monitored  in  aach 
of  the  chambers  with  a  Quartz  Crystal  Microbalanca  (QGN)- 
based  cascade  iapactor.  Dateralnation  of  aerosol  particle  I 
size  distribution  will  ba  conducted  during  tha  first  week  of 
tha  study  (SOP:  MBIH-8R1) . 


oxygen  Monitoring: 

A  commercial  solid  state  oxygen  analyzer  will  ba  used  for  i 
monitoring  percentage  of  oxygen  in  the  chamber  ataosphere. 
Oxygen  concentration  in  each  chamber  will  be  determined  in 
tha  first  week  of  tha  aniaal  exposures  (SOP:  MBIH-11) . 

Temperature  and  Humidity: 

Temperature  and  percent  relative  humidity  (RH)  in  the 
individual  chambers  and  laboratories  will  be  aonitored 
manually  and  recorded  at  least  once  each  hour  during  each 
exposure  period  with  a  portable  hand-held  thermohygrometer. 

Cheaical  Analysis: 

PBL/C^8phite  mixtures  collected  on  glass  fiber  filters  will 
be  placed  in  screw-capped  glass  vials  immediately  after 
weighing  for  chemical  analysis.  The  samples  will  be 
extracted  with  methylene  chloride  and  sonication  for  5  min. 
The  samples  will  be  filtered  through  a  0.45  u  Teflon  filter. 
Tha  extracts  will  be  analyzed  (both  qualitative  and 
quantitative)  by  gas  chromatography.  The  basis  of  the 
qualitative  analysis  will  be  a  visual  comparison  of  the 
chromatogram  of  tha  bulk  PBL  to  aerosol -generated  PBL/<*raph- 
ite  aixtures.  Quantitation  of  PBL  will  be  based  on  measured 
peak  heights  of  the  samples  compared  to  standards  prepared 
from  the  bulk  PBL.  One  filter  from  each  exposure  chamber 
will  be  analyzed  for  each  exposure  day. 
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X.  AnlnalM! 


1.  Justification/sourc«: 

Tha  F344/N  rat  vaa  choaan  for  thia  atudy  ainca  it  la  a  wall 
cbaractarizad,  aanaltiva  taat  atraln  vith  a  conaidarabla 
amount  of  toxicologic  background  data  available.  Tha 
animala  will  ba  obtained  from  Taconic  Farma  Inc., 
Gamantotm,  NY.  Two  hxindrad  mala  F344/N  rata  will  ba  uaad 
for  thia  atudy.  Tha  animala  will  ba  4-5  waaka  of  aga  at 
arrival  and  will  weigh  approximately  55-85  grama. 

2 .  Caging/Houaing : 

Tha  inhalation  atudiaa  will  ba  conducted  uaing  l-a’ 
Rochaatar-typa  inhalation  exposure  chambara.  The  taat 
animala  will  ba  houaad  in  auapandad  atainlaaa  ataal  wire- 
meah  inhalation  cagaa  on  mobile  racks.  Each  mobile  rack 
holds  24  cage  units  and  each  cage  unit  contains  four 
individual  cubicles  for  a  total  capacity  of  96  animals  par 
rack.  Each  cubicle  measures  18.4  x  16.5  x  15.9  cm.  Tha 
animals  will  ba  double-housed  upon  arrival  to  help  them 
become  acclimated  to  their  new  surroundings  and  to  help  them 
learn  to  use  the  automatic  watering  system.  The  animals 
will  ba  housed  individually  at  the  time  of  making  group 
assignments  and  will  remain  individually  housed  throughout 
tha  course  of  tha  study. 

During  tha  quarantine  period  and  during  non-exposure 
periods,  the  animals  will  be  maintained  in  animal  rooms 
located  directly  across  tha  corridor  from  the  exposure 
laboratories.  These  animal  rooms  and  exposure  laboratories 
are  located  on  a  aami-isolatad  corridor.  Following 
randomization,  tha  control  group  animals  will  be  maintained 
in  a  separate  animal  room  for  the  duration  of  the  study. 
Each  day  just  prior  to  the  exposure  periods,  the  animals 
will  ba  transferred  from  the  animal  rooms  to  the  exposure 
laboratories  by  removing  the  cage  units  from  the  mobile 
racks  and  placing  them  in  the  exposure  chambers.  The 
animals  will  be  returned  to  their  respective  mobile  racks 
and  transferred  back  to  the  animal  rooms  following  the 
exposure  periods. 

3.  Animal  Room  Environmental  Conditions: 

The  conditioned  air  supplied  to  the  animal  rooms  and 
exposure  laboratories  is  100%  fresh  filtered  air.  Air  flow 
in  the  animal  rooms  will  provide  at  least  10  complete  air 
changes  per  hour.  The  animal  room  conditioned  air  system  is 
connected  to  an  alarm  system  which  is  continuously  monitored 
at  the  main  security  desk  24  hours  a  day.  The  system  is 
designed  to  notify  maintenance  personnel  of  any  malfunction 
in  the  operation  of  the  air  handling  equipment. 

The  environmental  conditions  in  the  animal  rooms  will  be 
monitored  and  recorded  twice  daily  on  weekdays  and  once/day 
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on  th«  voakonds.  Tho  aablont  laboratory  and  aninal  rooa 
tamparaturos  and  ralatlva  hualditiaa  will  ba  aaintainad  at  I 
24±3*C  and  50±20%RM.  J 

Tha  lighting  cycla  in  tha  aninal  rooaa  will  ba  aaintainad  on  I 
a  12  hour  light/dark  cycla. 


4.  Claaning  and  Sanitation:  ^ 

Prior  to  tha  aniaals'  arrival  at  IITRI,  tha  axposura 
laboratoriaa,  axposura  chaabars,  aobile  racks  and  cagas,  and 
tha  aninal  rooas  will  ba  claanad  and  sanitizad  according  to 
SOP:  NTP-315R3,  -317R1,  and  <-322R4.  Tha  axposura  chaabars  | 
(MBlH-110) ,  eags  units,  nobils  racks,  faadars,  and  axcraaant  I 
pans  will  ba  claanad  and  sanitizad  at  laast  vaakly  ^ 
tharaaftar  axcapt  during  quarantina  whan  claaning  will  occur 
bivaakly.  Tha  floors  of  tha  aninal  rooms  and  laboratorias 
will  ba  aoppad  on  aach  axposura  day  during  tha  couraa  of  tha 
study  and  at  laast  twica  vaakly  during  tha  quarantina  and  ! 
racovary  pariods. 

Tha  autoaatic  vataring  systaa  delivery  lines  ara  flushed  ^ 
autonatically  avary  eight  hours  for  a  period  of  is  ninutes  | 
par  flush  cycla  to  ansura  a  continuous  supply  of  fresh  j 
potable  drinking  water.  Hater  saaples  will  ba  obtained 
prior  to  tha  aniaals'  arrival  and  subaittad  for 
aicrobiological  evaluation-  4 


5. 


Cage  Boards: 

Daotizad  aniaal  cage  boards  (Shephard  Specialty  Papers, 
Inc.,  Kalaaazoo,  MI)  will  ba  plac^  in  tha  axcraaant  pans 
below  tha  cage  units  to  absorb  liquid  waste  during  non- 
axposura  periods.  Tha  boards  will  ba  changed  at  laast  3 
tiaas  par  weak. 


\ 


6.  Food: 

Pood  will  ba  Purina  Certified  Rodent  Chow  No.  5002  which  i 
will  ba  analyzed  by  tha  aanufacturar  for  contaainants  and 
nutrient  levels.  The  diet  will  ba  availatbla  ad  libitua 
during  non-axposura  hours  only.  Food  analysis  reports, 
provided  by  tha  aanufacturar,  will  be  aaintainad  with  tha 
study  records.  Tha  food  will  ba  stored  on  pallets  in  a  wall 
ventilated  rooa  and  will  ba  used  for  no  aore  than  180  days  ( 
post>ailling.  No  known  contaainants  ara  expected  to  be 

? resent  in  tha  feed  at  levels  known  to  ba  capable  of 
nterferlng  with  tha  conduct  of  tha  study. 

7.  Water: 

Tha  aobile  racks  and  aninal  rooas  will  ba  equipped  with  ^ 
autoaatic  vataring  systaas.  The  drinking  water  supplied 
will  ba  filtered  City  of  Chicago  drinking  water.  The  water 
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will  b«  avallabl«  Ad  libitun  during  non-axpoaura  parioda 
only.  Tha  vataring  ayataa  will  ba  chackad  daily  to  anaura 
propar  functioning.  Copiaa  of  tha  biaonthly  raaulta  of  tba 
City  of  Chicago  vatar  analyaia  will  ba  aaintainad  with  tba 
atudy  racorda  and  will  ba  includad  in  tha  final  raport.  Bo 
kno%m  contaainanta  ara  axpaetad  to  ba  praaant  in  tha  watar 
at  lavala  known  to  ba  capabla  of  intarfaring  with  tha 
conduct  of  tha  atudy. 

8.  Anlaal  Racaipt  and  Quarantina: 

8.1  Racaipt  and  Rouaing: 

Tha  axtarior  surfacaa  of  tha  ahipping  containara  will  ba 
axaoinad  for  damaga,  and  if  accaptad,  wiped  down  with  a 
dilute  aolutlon  of  aodivua  hypochlorite  as  tha  containara  are 
introduced  into  tha  corridor  of  tha  inhalation  facility. 
Tha  anlaals  will  be  taken  directly  from  their  ahippi^ 
containers  and  housed  in  tha  wire  mesh  inhalation  cages 
(SOP:  IASS22R3) . 

8.2  Observation: 

During  this  period,  the  animals  will  ba  observed  cage-side 
at  least  daily  for  obvious  signs  of  disease  such  as  general 
unthriftiness,  poor  hair  coat,  discharges  from  body 
orifices,  abnormal  feces,  etc.  Notes  of  observations  on  any 
specific  animals  will  be  recorded  in  the  comments  section  of 
tha  Mortal Ity/Noribundity  Data  Sheet.  Sixty  animals  will  be 
weighed  within  48  hr  of  receipt.  Within  three  working  days 
of  receipt,  the  animals  will  be  evaluated  by  a  laboratory 
animal  veterinarian.  Following  randomization,  two  animals 
will  be  selected  from  the  excess  stock  for  quarantine 
sacrifice.  These  animals  will  ba  bled  for  a  standard  rat 
virus  profile  (Microbiological  Associates,  Rockville,  MD) 
followed  by  a  gross  necropsy.  Lesions  discovered  during  the 
necropsy  may  be  evaluated  by  submitting  appropriate  samples 
for  microbiological  culture  and  identification  an^or 
tissues  for  histological  examination.  The  total  time  for 
tha  quarantina  period  will  ba  defined  as  from  receipt  to  the 
day  prior  to  exposure  initiation  (sea  Saetiom  VIZ) . 

9.  Identification: 

All  rats  used  in  the  study  will  ba  identified  by  tail  tattoo 
representing  a  unique  number  within  the  population  making  up 
the  study.  The  raw  data  records  and  specimens  will  also  be 
identified  by  the  unique  test  animal  number. 

Tha  animal  Identification  numbers  and  cage  assignments  for 
the  study  are  shown  in  Attachment  A. 

10.  Randomization: 

Rats  will  be  assigned  to  groups  prior  to  exposure  initiation 
using  a  stratified  weight  method  whereby  animals  are  ranked 
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In  ord«r,  by  vtlght,  and  asalgnad  to  study  groups  in  randoa 
ordsr  (SOP:  GT-31S) . 


XI.  Bxpsrlssntal  Daslcm: 

Ths  study  will  includs  fiva  sxpoours  groups:  ons  matsrial  (fog 
oil)  will  bs  testsd  at  thraa  concsnt  rat  ions  (250,  500,  and  1000 
■g/n’) ,  with  ths  aiddla  500  nq/v?  concentration  being  tested  in 
combination  with  each  of  the  two  concentrations  used  for  the 
graphite  aerosols  (100  and  200  ag/mr) ,  and  the  low  and  high  fog 
oil  concentrations  being  tested  in  combination  with  the  low  and 
high  graphite  aerosol  concentrations,  respectively.  The  fifth 
group  will  be  a  filtered  air  control.  These  combinations  will  be 
tested  in  five  inhalation  chambers  as  follows: 


Chamber 

Concentration  in  mg/m^  of 

Grouo 

No. 

Poa  Oil 

Graohlte 

I 

6 

0 

0 

II 

5 

250 

100 

III 

3 

500 

100 

IV 

1 

500 

200 

V 

2 

1000 

200 

Based  on 

the  results 

of  the  Phase 

III  (SN2)  Study, 

consisting  of  40  male  P344/N  rats  will  be  exposed  to  the  above- 
listed  five  conditions  4  hr/day,  four  days/week  (Monday  through 
Thursday)  for  thirteen  wee}cs  and  a  recovery  period  of  six  weeks 
will  be  used.  Exposures  will  not  be  conducted  on  holidays. 
Biological  end  points  will  be  determined  in  animals  sacrificed 
within  24  hr  after  the  last  exposure  (EXP)  and  after  a  six-week 
recovery  period  (REC) .  Exposures  in  the  last  exposure  week  will 
be  shifted  for  some  lAV/PF  animals  to  accommodate  the  manpower 
limitation-caused  need  for  two  assay  dates  (See  Attachment  A  for 
details) . 

The  distribution  of  the  200  rats  into  the  end  point  groups  (PATH 
and  LAV/PP)  and  assay  times  (EXP  and  REC)  is  shown  in  Table  1. 
Details  of  the  exposure  and  assay  dates  for  the  different  end 
points  and  the  animal  numbers  to  be  assigned  for  each  group  are 
summarized  in  Attachment  A. 


XII.  In-Llfe  and  Terminal  observations; 

1.  Toxicologic  End  Points  (All  animals) : 

1.1  Body  Weights: 

The  body  weights  will  be  measured  and  recorded  individually 
to  the  nearest  whole  gr2ui:.  The  body  weights  will  be 
measured  at  study  initiation,  weekly  during  the  thirteen- 
week  exposure  period  and  the  subsemient  six-week  recovery 
period,  and  immediately  before  termination.  The  first 
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1.2 


2. 

2.1 


weighing  will  be  in  the  eorning  prior  to  the  firet  exposure. 
Subesquer.t  weighings  will  b«  on  Fridays  (a  non-exposure  day) 
in  the  morning.  Body  weight  gains  will  be  calculated  as 
chance  relative  to  the  body  weight  measurement  ta)cen  prior  , 
to  the  first  exposure. 

Clinical  Observations: 

All  animals  will  be  observed  twice  daily  on  weelcdays  (once 
daily  on  the  weekends  and  holidays)  for  moribundity  and 
mortalit  *  (SOP:  )rrP-420R3) .  Bach  animal  will  be  formally 
examinee  once  each  week  at  the  time  of  body  weight 
collection  for  clinical  signs  of  pharmacologic  and 
toxicologic  effects  of  the  exposure  (SOP:  GT-401R1) .  On 
exposure  days  the  first  mortality/  moribundity  observation 
will  coincide  with  food  removal  and  chamber  loading 
operations. 

The  study  toxicologist,  or  veterinarian,  will  visit  the 
laboratory  at  least  once  a  week  to  confirm,  correct  or 
expand  the  clinical  observations.  Any  animal  whose 
condition  suggests  that  it  may  not  survive  until  the  next 
observation  based  upon  established  criteria  (SOP:  NTP- 
409R4)  will  be  euthanized  and  necropsied  immediately,  with 
the  tissues  retained  in  formalin.  Gross  lesions  found  at 
necropsy  will  be  documented  and  the  affected  tissues 
processed  for  histopathological  examination. 

Food  Consumption: 

Average  food  consumption  for  each  animal  in  the  PATH 
"recovery"  groups  will  be  measured  weekly  during  the 
thirteen  exposure  and  six  recovery  weeks  of  the  study.  A 
measured  amount  of  food  will  be  offered  to  the  rats  at  the 
time  of  body  weight  measurements.  On  the  next  scheduled  day 
when  another  measured  amount  of  food  is  offered,  the 
remaining  food  from  that  previously  offered  will  be  removed 
and  weighed.  The  food  consumption  will  be  calculated  from 
the  measured  differences  between  the  provided  and  recovered 
food  quantities. 

Pathology/Clinical  Pathology  (PATH) : 

Blood  Collection  and  Clinical  Pathology  Examinations: 

Blood  samples  will  be  collected  and  analyzed  from  the  pre- 
desianated  PATH  rats  for  t.he  list  of  hematology  and  clinical 
chemistry  assays  shown  in  Table  2.  Samples  will  be 
collected  and  analyzed  on  the  same  day.  Samples  will  not  be 
collected  from  any  moribund  animals  in  the  pre-deslgnated 
PATH  evaluation  groups.  Blood  collection  and  analysis  will 
be  conducted  in  a  random  order  (SOP:  NTP-414R3).  Blood 
will  be  collected  via  the  retroorbital  sinus  (SOP:  NTP- 
419R1)  under  COj  anesthesia  (SOP:  MTP-413R3) . 
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TABU  1.  LZtT  or  CLZNXCXb  rATIObOOY  A88AYB 


HtafttOlOflY.  Amavi 


Erythrocyt*  Count  (SOP:  CP  709) 

Moan  corpuscular  Voluaa  (SOP:  CP  709) 

Maan  Corpuscular  Haaoglobln  (Dsrlvad)  (SOP:  CP  709) 

Naan  Corpuscular  Haaoglobin  Concantration  (Darlvad) 

(SOP:  CP  709) 

Han^lobln  (SOP:  CP  709) 

HaBatoorlt  (Darlvad)  (SOP:  CP  709) 

Erythrocyta  Morphologic  Assassnant  (SOP:  CP  745. IRl) 
laukocyta  Count  (SOP:  CP  709) 

LaukocH*  Dlffarantlal  Count:  (SOP:  CP  745R1) 

Reticulocyta  Count  (SOP:  CP  760R3)  •  if  anania  is  prasant 
Platalat  Count  and  Morphologic  Assassnant 
(SOP:  CP  709  and  SOP:  CP  745. IRl) 


CllnlcAl  ChOBiatrY  AssflYf 


Total  Protain  (SOP:  CP  644R4) 

Albunin  (SOP:  CP  626R4) 

Blood  uraa  nitrogan  (SOP:  CP  629R4) 
Craatinlna  (SOP:  CP  633R4) 

Alanina  aninotransfarasa  (SOP:  CP  642R4) 
Alkalina  phosphatasa  (SOP:  CP  627R4) 
Craatina  kinasa  (SOP:  CP  624R4) 

Total  bila  acids  (SOP:  CP  645R1) 

Total  cholastarol  (SOP:  CP  631R5) 
Glucosa  (SOP:  CP  634R4) 

Sorbitol  dahydroganasa  (SOP:  CP  647R2) 
Calciim  (SOP:  CP  630R4) 

Inorganic  phosphata  (SOP:  CP  638R4) 
Triglycaridas  (SOP:  CP  643R4) 
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2.2  Mscropsyi 

All  schtdultd  nttcropsitt  will  b«  p^rforaad  In  th«  pr«t«nc« 
of  and  undar  tha  auparvlaion  of  tha  IITRI-PAI  patholo^lat.  i 
All  unaohadulad  naeropaiaa  (aoribund  aaorlfica  and  ^ 
apontanaoua  daatha)  will  ba  auparvlaad  by  tha  pathologiat  to 
tha  naxiauB  axtant  poaalbla,  and  will  ba  parformad  as  soon 
aftar  daath  as  posslbla.  Aniaals  for  unaohadulad  nacropsias 
will  not  ba  frocan,  and  avary  attanpt  will  ba  aada  to 
rafrigarata  anlaals  for  no  longar  than  alght  hours  prior  to  i 
tha  naoropsy.  Animals  will  ba  authaniaad  with  CO.  according 
to  SOP}  MTP-421R1. 


Schadulad  and  unaohadulad  nacropsias,  will  follow  tha 
spacifio  naoropsy  procaduraa,  as  dascribad  in  SOPt  PAI-IL- 
018.  A  coaplata  naoropsy  ia  dafinad  aa  axtamal  axaaination  } 
including  body  orificaa  and  axaaination  and  fixation  of  all 
tisauas  spacifiad  for  tha  atudy.  Coaplata  naeropaiaa  will 
ba  parforaad  unlaas  autolyaia  pracludas  all  or  part  of  tha 
axaaination.  In  all  casas,  availabla  tissues  will  ba 
collactad  as  outlined  in  subsequent  sections  of  this 
protocol .  ^ 

Tha  following  tissues  will  ba  collected  and  placed  in 
fixative  (tlsauaa  aarkad  with  an  asterisk  will  ba  processed  I 
and  axaaiaad  histologically) : 


Salivary  Gland  (Mandibular) 
Naaaary  Gland 
Thyaus  • 

Heart  • 

Lung  * 

Trachea  * 

Pulaonary  Lyaph  Nodes  * 
Liver  * 

Spleen  * 

Saainal  Vesicles 
Stoaach  * 

Adrenals  * 

Sciatic  Nerve 
Brain  * 

Eyes 

Spinal  Coird 
Skin  * 

Gross  Lesions  • 

Aniaal  Identification 


Lyaph  Nodes  (Subaandibular) 

Sternum  •  * 

Thyroid 

Parathyroid 

Esophagus  * 

Testes 

Prostate 

Urinary  Bladder  *  t 

Duodenua 

IleuB 

Colon 

JejunuB 

CecuB 

Mesenteric  Lyaph  Node  i 

Kidney  * 

Skeletal  Muscle 
Pituitary 
Larynx  • 

Nasal  Turbinates* 


All  indicated  tissues  and/or  organs  will  be  examined  in 
Ai^,  then  dissected  froa  the  carcass,  re-exaained, 
including  cut  surfaces,  and  fixed  in  10%  neutral  buffered 
foraalin.  Tails,  used  for  identification  purposes,  will  be 
saved  in  formalin. 


Rats  designated  for  scheduled  necropsy  and  histopathologic 
exaaination  will  be  anesthetized  with  carbon  dioxide  and 
exsanguinated  froa  the  abdominal  aorta,  either  within  24  hr 
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following  tho  last  sxposurs  or  after  a  six-week  recovery 
period  following  the  exposures.  All  scheduled  necropsies 
will  be  initiated  promptly  after  an  animal  is  killed  and 
will  be  performed  on  all  PATH-designated  animals. 

3.3  Organ  Weights: 

Lung  weights  will  be  obtained  at  necropsy  from  all  animals 
surviving  until  the  end  of  the  study  (SOP:  NTP-408IU). 
Lungs  will  be  weighed  to  the  nearest  1.0  mg.  Orgw 
weight/body  weight  ratios  will  be  calculated. 

2.4  Ristology/Histopathology: 

Bach  animal  will  be  assigned  a  unique  histology  accession 
number.  Tissue  trimming,  processing,  embedding,  sectioning 
and  staining  (hematoxylin  and  eosin)  will  be  done  in 
accordance  with  SOP's  PAI-IL-005  through  -Oil.  The 
Individual  Animal  Necropsy  Pom  for  each  animal  will  be 
available  for  the  technician  at  the  time  of  trimming.  Oucm 
all  aspects  of  histology  are  completed,  the  residual  wet 
tissues,  blocks  and  slides  will  be  prepared  for  long-term 
archiving  and/or  shipped  to  the  Sponsor.  Slides  will  be 
prepared  according  to  the  embedding  scheme  shown  below. 


Embedding  Scheme 

Slide  1  Nasal  turbinates  (3  sections) 

Slide  2  Larynx,  trachea  (cross  and  longitudinal), 
esophagus,  and  pulmonary  lymph  nodes 
Slide  3  Lung  (whole  mount  with  all  lobes  presented  to 
include  the  main  bronchus) 

Slide  4  Heart,  stomach,  urinary  bladder 
Slide  5  Liver  (sections  from  two  lobes) ,  spleen, 
and  skin 

Slide  6  Kidneys  (right  and  left),  adrenals  (right  and 
left) ,  and  tliymus 
Slide  7  Brain 

Slide  8  Sternum 


All  indicated  tissues  for  all  treatment  groups,  Post- 
Exposure  and  Recovery,  will  be  examined  microscopically. 
All  microscopic  observations  will  be  entered  into  the 
IITRI/PAI  automated  pathology  system  (Labcat)  for  generation 
of  individual  animal  summary  tables. 


3 .  Pulmonary  Function  (PF) : 

The  pulmonary  function  parameters  will  be  measured  using  an 
acrylic  plethysmograph  (BUXCO  Electronics,  Inc.)  equipped  to 
allow  measurement  of  airflow  and  plethysmograph,  airway  and 
esophageal  pressure  for  anesthetized  animals. 
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Each  taat  anis.  (which  will  also  b«  uaad  latar  for  thi  LAV 
Boaauraaants)  •.!  ba  valghad  (tattoo  I.D.  also  racordad) , 
anaathatizad  viui  pantobarbital,  transorally  trachaoatoaizad 
and  intubatad  to  tha  distal  third  of  tha  asophagus  with  a  • 
aallna-fillad  polyathylana  tuba  (SOPt  T-IIT-Ol-Ol) . 

Tha  fol loving  lung  function  dateninations  vill  ba  conductad 
using  SOPs  Mos.  T-IIT-02-01  through  T'IIT-04-01  and  T-llT- 
07-01.  (Nota  aona  Baasuranants  ara  collactad  by  tha  BUXCO 
pulaonary  function  systaa  but  ara  not  analyzad.):  • 

I 

1)  Kaasuraaants  obtainad  froa  tha  prassura  voluaa  curva: 
vital  capacity  (VCpv) ,  total  lung  capacity  (TLC) ,  paak 
coBplianca  (^k),  and  conplianca  at  0  to  10  ca  HjO 
(Cchord) . 

2)  Naasuraaants  obtainad  during  forced  expiration:  forced  ^ 
vital  capacity  (FVC) ,  voluaa  I  50  asac  of  axpiration 
(PEV50) ,  voluaa  #  100  as  of  axpiration  (FEVlOO) ,  voluaa 

#  200  as  of  axpiration  (FEV200),  voluaa  i  400  as  of 
axpiration  (FEV400) ,  peak  expiratory  flow  (PEXF) ,  voluaa 
at  PEXF  (VPEXF) ,  aean  aid-expiratory  flow  (MMEXF) ,  flow 
at  75%  of  FVC  (FEF75) ,  flow  at  50%  of  FVC  (FBF50) ,  flow  • 
at  25%  of  FVC  (FEF25)«  and  flow  at  10%  of  FVC  (FEFIO) . 

3)  Meaauraaants  obtained  froa  the  gas  dilution  test:  vital 
capacity  (VC) ,  total  lung  capacity  (TLC) ,  residual 
voluaa  (RV) ,  and  diffusing  capacity  for  CO  (DLco) . 


4.  Pulmonary  Lavage  (LAV): 

4.1  Pulaonary  Lavage,  Total  and  Differential  Call  Count: 

Tha  preass ignad  rats  froa  each  group  vill  be  sacrificed  for  • 
collection  of  alveolar  calls  by  tracheobronchial  lavage 
(SOP:  KBM  2.01)  iaaadiately  following  tha  aeasuraaent  of 
tha  PF  and  points.  Total  and  differential  call  counts  vill 
ba  detarainad  for  tha  collected  cells  (SOP:  MBIf2.02  and 
MBM2.03) . 

4.2  Pulaonary  Lavage  Fluid  Proteins:  ^ 

Tha  supernatant  from  the  first  several  lung  washes  vill  be 
saved  for  protein  determination.  Lavage  fluids  will  be 
assayed  for  protein  by  tha  method  of  Bradford  (1976)  Anal. 
Biochea.  22:248-254  (SOP:  MBM6.02R1).  ^ 


Statistical  Methods; 

According  to  contractual  agreement  with  tha  governaent.  Dr. 
Robert  Gibbons,  biostatistical  consultant  to  tha  prograa,  will 
conduct  tha  statistical  evaluation  of  the  data  using  aultivariata 
analysis  of  variance  aodals  for  repeated  measures  and  polynoaial 
contrasts  of  log-trans formed  food  consuaption  and  body  weight 
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data.  clinical  pathology,  hanatology,  organ/body  valght, 
pulBonary  lavage,  and  pulaonary  function  data  will  be  avaluated 
using  Bultlvarlats  and  univariate  analyaes  of  variance  of  log- 
tranaforaed  data.  Statistical  significances  will  be  reported  at 
the  p  £  0.01  and  p  i  0.05  levels. 


# 


XIV.  Data  NotebooXs: 

1.  Contents;  All  original  data  will  be  aaintained  in  notebooks 
and  will  Include  but  not  necessarily  be  Halted  to  the 
following: 

a.  Original  signed  protocol  and  all  aaendaents 

b.  Test  substance  inforaation 

c.  Aniaal  receiving  records 

d.  Randoalzation  procedures 

e.  Aniaal  housing  and  envlronaental  conditions  records 

f.  Cheaical  generation  and  aonitoring  records 

g.  Body  weight  records 

h.  Mortality  and  clinical  observations 
1.  Food  conauaption  records 

j.  Clinical  pathology  records 

k.  Necropsy  and  hlstopathology  records 

l.  Pulaonary  lavage  records 
a.  Pulaonary  function  records 

2.  Storage: 

All  original  data  and  a  copy  of  the  final  report  will  be 
kept  in  the  IITRI  Archives. 


XV.  EinAUfRortt; 

Following  review  and  coaaents  by  the  Sponsor,  the  required  nuaber 
of  copies  of  the  final  report  will  be  subaitted. 


XVI.  Personnel; 

Curricula  vitae  for  all  IITRI  personnel  involved  in  the  study  are 
on  file  at  IITRI. 


XVII.  CLP  COBBl lance; 

#  The  study  will  be  conducted  In  coapl  lance  with  EPA  CLP 

requlreaents  as  specified  in  Part  792  of  Title  40  of  the  c«^a  of 
Federal  Regulations  and  any  later  interpretations  and  revisions 
published  by  EPA.  Quality  Assurance  inspections  of  phases  of  the 
study  will  be  conducted  as  required. 


I IT  RESEARCH  INSTITUTE 
17 


PHIVPR0T.SN3 


This  Protocol  will  bo  tho  controlling  docuaont  for  tho  conduct  of 
this  study.  In  tho  caoo  of  changos  or  discrepancies  from  the  t 
Protocol,  those  will  bo  documontod  in  Protocol  Amondmonts  or 
Deviations  and  submitted  to  tho  Sponsor  (COTR) . 
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Attachment  At  Sunmaty  of  Bxpoiuza  and  Bxpttlmant  Dates, 
Animal  Numbezs,  and  Cage  Locations. 


Aereeel  Cene. 


Sroi;p  Endpoint 

tea. 

_ tmoaure 

txparisant 

AniSil 

Casa 

jEsdi  .acw). 

FtL  Iracbita  lacoy. 

■ .. 

■iiibara 

thitirt 

1 

PATN 

0 

0 

4 

• 

10/07/01 

01/02/02 

I1F-O1/09/92 

1-10 

1-3 

1 

UV/Ff 

0 

0 

4 

■ 

10/07/01 

01/02/02 

I1L-01/03/02 

11-15 

3-4 

1 

UV/Ff 

0 

0 

4 

• 

10/07/01 

01/03/02* 

121-01/04/02 

14-20 

5-4 

II 

FATM 

0 

0 

4 

♦ 

10/07/01 

01/02/02 

I1F-02/U/02 

21-30 

7-0 

II 

UV/Ff 

0 

0 

4 

♦ 

10/07/01 

01/02/02 

111.-02/14/92 

31-35 

0-10 

II 

UV/Ff 

0 

0 

4 

♦ 

10/07/01 

01/03/92 

R2L -02/15/02 

34-40 

11-12 

II 

FATN 

2M 

100 

5 

• 

10/07/01 

01/02m 

I1F-01/03/02 

41-50 

13-15 

II 

UV/Ff 

250 

100 

5 

• 

10/07/01 

01/02/02 

111-01/03/02 

51-55 

15-14 

II 

UV/Ff 

250 

100 

5 

• 

10/07/01 

01/03/02* 

121-01/04/92 

54-40 

17-14 

III 

FATN 

250 

100 

5 

♦ 

10/07/01 

01/02/02 

RIF-02/14/92 

41-70 

10-21 

III 

UV/Ff 

250 

100 

5 

♦ 

10/07/01 

01/02/02 

111-02/14/92 

71-75 

21-22 

III 

UV/Ff 

250 

100 

5 

♦ 

10/07/01 

01/03/02 

R21-02/15/92 

74-10 

23-24 

III 

FATN 

500 

100 

5 

• 

10/07/01 

01/02/02 

I1F-01/03/92 

41-00 

25-27 

III 

UV/Ff 

500 

100 

5 

• 

10/07/01 

01/02/02 

111-01/03/02 

01-05 

27-28 

III 

UV/Ff 

500 

100 

1 

• 

10/07/01 

01/03/02* 

121-01/04/92 

04-100 

20-30 

III! 

PATH 

500 

100 

3 

♦ 

10/07/01 

01/02/92 

R1P-02/U/92 

101-110 

31-33 

III! 

UV/Ff 

500 

100 

3 

4 

10/07/01 

01/02/02 

111-02/14/02 

111-115 

33-34 

III! 

UV/Ff 

500 

100 

3 

4 

10/07/01 

01/03/02 

121-02/15/92 

114-120 

35-34 

IV 

FATN 

500 

200 

1 

• 

10/07/01 

01/02/92 

I1F-01/Q3/92 

121-130 

37-30 

IV 

UV/Ff 

500 

200 

1 

• 

10/07/01 

01/02/02 

EU-01/03/92 

131-135 

39-40 

IV 

UV/Ff 

500 

2C3 

1 

* 

10/07/01 

01/03/02* 

E2L-01/04/92 

134-140 

41-42 

IVI 

FATN 

500 

200 

1 

4 

10/07/01 

01/02/02 

RIP-02/14/92 

141-150 

43-45 

IVI 

UV/Ff 

500 

200 

1 

4 

10/07/01 

oi/ozm 

Rlk-02/14/92 

151-155 

45-44 

IVI 

UV/Ff 

500 

200 

1 

4 

10/07/01 

01/03/02 

121-02/15/02 

154-140 

47-44 

V 

FATN 

1000 

200 

2 

« 

10/07/01 

0l/02m 

EiP'01/03/02 

141-170 

40-51 

V 

UV/Ff 

1000 

200 

2 

• 

10/07/01 

01/02/02 

E1k'01/03/02 

171-175 

51-52 

V 

UV/Ff 

1000 

200 

2 

« 

10/07/01 

01/03/02* 

121-01/04/02 

174-140 

53-54 

VI 

FATN 

1000 

200 

2 

4 

10/07/01 

01/02702 

RIF-02/14/92 

141-190 

55-57 

UV/Ff 

1000 

200 

2 

4 

10/07/01 

01/02/92 

111-02/14/92 

191-195 

57-54 

VI 

UV/Ff 

1000 

200 

2 

4 

10/07/01 

01/03/02 

R2L-02/15/02 

194-2(10 

50-40 

*  fxpo«ur«  tnd  Days  »rt  ttaw«r«d  to  fall  on  Thwraday  and  Friday  in  tht  loot  axpoture  week. 

”  I  ■  Aaaay  daya  1  {and  2  aa  applicable)  for  the  Exe  (Mithin  24  hr  of  the  laat  eapoeure)  and  point  tleii^  for 
hATN  (E)  and  LAV/ar  {i)j  R  ■  Aaaay  daya  1  {and  2  aa  applicable)  for  the  tEC  {after  a  alX'Mek  racovary 
period)  and  point  tislng. 

(kw  additional  axpooura  (ce^rad  to  II,  tl  or  k2  aaaay  grot^)  in  the  laat  axpoaura  Haak  prior  to  aaaay  on 
Saturday. 
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PROTOCOL  AMENDMENT  1 


THIRTEEN-WEEK  INHALATION  TOXICITY  STUDY  WITH 
AEROSOL  MIXTURES  OF  FOG  OIL  AND  GRAPHITE 
PARTICLES  IN  F344/N  MALE  RATS 


1.  Change ;  o  Asterisks  are  added  after  the  exposure  end  dates  in 

Attachment  A  (Summary  of  Exposure  and  Experiment 
Dates,  Animal  Numbers,  and  Cage  Locations)  for  the 
LAV/PF  rats  scheduled  for  the  2/15/92  recovery 
experiment  date. 

o  The  footnote  in  Attachment  A  which  defines  the 
asterisk  is  changed  to  read  "*  One  additional 
exposure  (compared  to  El  or  R1  assay  groups)  in  the 
last  exposure  week." 

Reason!  Correction  of  previous  inconsistency  between  exposure 
end  dates  and  the  description  of  which  animals  would 
receive  one  additional  exposure. 

2.  Change!  The  first  two  paragraphs  of  Section  XII. 3.  (Pulmonary 

Function)  are  changed  to  read  as  follows! 

The  pulmonary  function  parameters  will  be  measured  using 
an  acrylic  plethysmograph  (BUXCO  Electronics,  Inc.) 
ecjuipped  to  measure  airflow  and  volume  in  anesthetized 
animals. 

Each  test  animal  (which  will  also  be  used  later  for  the 
LAV  measurements)  will  be  weighed  (tattoo  I.D.  also 
recorded) ,  anesthetized  with  pentobarbital  and  trans- 
orally  tracheostomized  (SOP!  T-IIT-01-01) . 

Reason!  The  changes  were  requested  by  Dr.  Tepper,  the  pulmonary 
physiology  consultant,  and  were  not  received  before  the 
protocol  was  signed. 
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Attachment  A:  Summary  of  Exposure  and  Experiment  Dates, 

Animal  Numbers,  and  Cage  Locations  (Revised) . 


Expo. 

Group  Endpoint 

Aerosol 

(mg/ 

Cone. 

m3, 

Exk 

>sure 

Experiment 

Animal 

Cage 

Code  GrouB 

PBL  Graohite  Chairber  Recov. 

_ 

Date** 

ilvwtert 

Nurbers 

I 

PATH 

0 

0 

6 

- 

10/07/91 

01/02/92 

E1P-01/0S/92 

1-10 

1-3 

I 

LAV/PF 

0 

0 

6 

• 

10/07/91 

01/02/92 

EIL-01/03/92 

11-15 

3-6 

1 

LAV/PF 

0 

0 

6 

• 

10/07/91 

01/03/92* 

E2L- 01/06/92 

16-20 

5-6 

IR 

PATH 

0 

0 

6 

♦ 

10/07/91 

01/02/92 

RIP-02/16/92 

21-30 

7-9 

IR 

LAV/PF 

0 

0 

6 

♦ 

10/07/91 

01/02/92 

RlL-02/16/92 

31-35 

9-10 

IR 

LAV/PF 

0 

0 

6 

* 

10/07/91 

01/03/92* 

R2l -02/15/92 

36-60 

11-12 

II 

PATH 

250 

100 

5 

- 

10/07/91 

01/02/92 

E1P-01/03/92 

61-50 

13-15 

II 

LAV/PF 

250 

100 

5 

• 

10/07/91 

01/02/92 

EIL -01/03/92 

51-55 

15-16 

II 

LAV/PF 

250 

100 

5 

- 

10/07/91 

01/03/92* 

E2L- 01/04/92 

56-60 

17-18 

HR 

PATH 

250 

100 

5 

♦ 

10/07/91 

01/02/92 

RIP-02/16/92 

61-70 

19-21 

HR 

LAV/PF 

250 

100 

5 

♦ 

10/07/91 

01/02/92 

RlL-02/16/92 

71-75 

21-22 

HR 

LAV/PF 

250 

100 

5 

♦ 

10/07/91 

01/05/92* 

R2L- 02/ 15/92 

76-80 

23-26 

HI 

PATH 

500 

100 

3 

• 

10/07/91 

01/02/92 

ElP-01/03/92 

81-90 

25-27 

HI 

LAV/PF 

500 

100 

3 

- 

10/07/91 

01/02/92 

EIL-01/03/92 

91-95 

27-28 

HI 

LAV/PF 

500 

100 

3 

• 

10/07/91 

01/03/92* 

E2L-01/04/92 

96-100 

29-30 

HIR 

PATH 

500 

100 

3 

♦ 

10/07/91 

01/02/92 

RIP-02/16/92 

101-110 

31-33 

HIR 

LAV/PF 

500 

100 

3 

10/07/91 

01/02/92 

RlL-02/16/92 

111-115 

33-36 

HIR 

LAV/PF 

500 

100 

3 

♦ 

10/07/91 

01/03/92* 

R2L- 02/ 15/92 

116-120 

35-36 

IV 

PATH 

500 

200 

1 

. 

10/07/91 

01/02/92 

ElP-01/03/92 

121-130 

37-39 

IV 

LAV/PF 

500 

200 

1 

• 

10/07/91 

01/02/92 

EIL-01/03/92 

131-135 

39-60 

IV 

LAV/PF 

500 

200 

1 

* 

10/07/91 

01/03/92* 

E2L -01/06/92 

136-160 

61-62 

IVR 

PATH 

500 

200 

1 

♦ 

10/07/91 

01/02/92 

RIP-02/16/92 

161-150 

63-65 

IVR 

LAV/PF 

500 

200 

1 

♦ 

10/07/91 

01/02/92 

RlL-02/16/92 

151-155 

65-66 

IVR 

LAV/PF 

500 

200 

1 

♦ 

10/07/91 

01/03/92* 

R2L- 02/ 15/92 

156-160 

67-68 

V 

PATH 

1000 

200 

2 

- 

10/07/91 

01/02/92 

ElP-01/03/92 

161-170 

69-51 

V 

LAV/PF 

1000 

200 

2 

• 

10/07/91 

01/02/92 

EIL-01/03/92 

171-175 

51-52 

V 

UV/Pf 

1000 

200 

2 

• 

10/07/91 

01/05/92* 

E2L- 01/06/92 

176-180 

53-56 

VR 

PATH 

1000 

200 

2 

♦ 

10/07/91 

01/02/92 

RIP-02/16/92 

181-190 

55-57 

VR 

UV/PF 

1000 

200 

2 

♦ 

10/07/91 

01/02/92 

RlL-02/16/92 

191-195 

57-58 

VR 

LAV/PF 

1000 

200 

2 

4 

10/07/91 

01/05/92* 

R2L-02/15/92 

196-200 

59-60 

Exposure  End  0«y«  are  ataggerad  to  fall  on  Thursday  and  Friday  in  the  last  exposure  Meek. 

^  E  ■  Assay  days  1  (and  2  as  applicable)  for  the  EXP  (uithin  2A  hr  of  the  last  exposure)  end  point  timing  for 
PATH  (P)  and  LAV/PF  (L);  R  ■  Assay  days  1  <and  2  as  applicable)  for  the  REC  (after  a  six-week  recovery 
^  period)  end  point  tiailng. 

One  additional  exposure  (conpared  to  El  and  R1  assay  groups)  in  the  last  exposure  week. 
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1  Introduction 


®  The  purpose  of  Part  Two  of  this  report  is  to  provide  a  review  of  the  results  of  statistical 

analysis  of  data  presented  in  the  Part  One  Technical  Report,  The  report  begins  by  presenting 
an  overview  of  the  statistical  methods  used  in  the  analysis  of  the  various  sets  of  outcome 
measures  (i.e.,  hematology,  clinical  chemistry,  etc.),  followed  by  a  summary  of  significant 
♦  differences  from  control  for  the  four  exposure  groups  at  exposure  and  recovery  sacrifices, 

respectively. 


2  Statistical  Methodology 

Multivariate  analysis  of  variance  models  (Bock,  197.5)  were  used  to  analyze  each  set  of 
variables  (i. e.,  hematology,  pulmonary  lavage,  hematology  differentials,  clinical  chemistry, 
and  pulmonary  function).  Univariate  analysis  of  variance  (Winer,  1971)  was  used  to  an¬ 
alyze  relative  lung  weights.  Multivariate  analysis  of  variance  for  repeated  ineasureinents 
(Bock,  1975),  was  used  to  analyze  repeated  body  weight  gain  and  food  consumption  mea¬ 
surements.  Prior  to  analysis,  natural  log  transformation  of  the  data  was  performed  on  these 
variables  to  better  approximate  the  normality  assumption  of  the  siatistical  model.  To  bet¬ 
ter  understand  the  potential  for  recovery  from  any  elfects  observed  following  the  exposure 
period,  separate  analyses  were  performed  for  exposure  sacrifice  and  recovery  sacrifice  ani¬ 
mals.  This  departs  somewhat  from  previous  phase  analyses  due  to  the  confirmatory  nature 
of  this  study,  which  was  designed  on  the  basis  of  the  results  from  earlier  phases.  The  four 
exposure  groups  were  PBL=250  mg/ni^  and  graphite=100  mg/ni^,  PBL=500  mg/m^  and 
graphite=100  mg/m^,  PBL=500  mg/m^  and  graphite=200  mg/m^,  and  PBL=1000  mg/m^ 
and  graphite=200  mg/m^. 

In  the  presence  of  a  significant  multivariate  test  statistic,  univariate  A  NOVA  was  per¬ 
formed  for  each  of  the  individual  biological  end  points  in  that  category  (e  g.,  clinical  chem¬ 
istry).  In  the  presence  of  a  significant  univariate  result,  individual  comparisons  to  control 
were  examined.  These  analyses  were  performed  in  parallel  for  exposure  and  recovery  sacrifice 
animals. 

Multivariate  analysis  of  variance  models  (Bock.  1975)  were  used  to  analyze  the  body 
weight  gains.  For  the  analysis  of  the  post-exposure  period,  weekly  body  weiglu  gain  values 
for  days  5  through  89  were  examined  and  for  the  analysis  of  the  post-recovery  period  days 
96  through  131  were  examined.  A  multivariate  analysis  of  variance  for  repeated  measures 
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was  tlten  performed,  utilizing  ortliogonai  polynomial  contrasts,  to  examine  for  constant  and 
linear  trend  effects  over  time. 

Multivariate  analysis  of  variance  models  for  repeated  measures  were  also  used  to  analyze 
food  consumption.  In  these  analyses,  polynomial  contrasts  were  utilized  to  test  for  constant 
effects  across  time  as  well  as  for  linear  trends  across  time 

3  Results 

Probability  values  and  direction  of  difference  (i.e.,  +  =  exposed  greater  than  control  and  -  = 
less  than  control)  are  reported  in  Table  1  for  all  statistically  significant  results  at  either  post- 
exposure  or  recovery  sacrifice  periods.  Probability  values  next  to  each  end-point  category 
(e.g.,  hematology)  represent  the  probability  for  the  multivariate  test  statistic.  Inspection  of 
Table  1  reveals  the  following  overall  results. 

1.  Body  weight  gains  were  relatively  unaffected  by  treatment. 

2.  Clinical  chemistry  measures  exhibited  several  exposure  related  effects,  most  of  which 
returned  to  control  levels  following  the  recovery  period. 

3.  Differential  counts  (WBC  and  NEUT)  exhibited  exposure-related  increases  relative  to 
controls  following  the  recovery  period. 

4.  Hematology  measures  (excluding  the  effect  for  WBC  as  previously  noted  for  differen¬ 
tials)  did  not  exhibit  a  significant  multivariate  effect. 

5.  Relative  lung  weights  were  increased  in  all  exposure  groups  relative  to  controls  at  both 
post-exposure  and  recovery  sacrifice  periods. 

6.  Pulmonary  Lavage  measures  were  consistently  different  from  controls  for  all  treatment 
groups  at  both  post-exposure  and  recovery  sacrifice  periods. 

7.  Food  consumption  was  greater  for  all  treatment  groups  relative  to  controls  during  the 
recovery  period  only. 

8.  Several  Pulmonary  Function  measures  were  significantly  decreased  in  all  treatment 
groups  relative  to  controls,  the  majority  of  which  did  not  exhibit  recovery. 

Specific  details  for  each  end-point  category  are  now  provided. 
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3.1  Body  Weight  Gain 

A  significant  overill  body  weiglit  gain  effect  constant  tlifrerenro)  was  observed  for 

exposure  sacrifice  animals  (p  <  ,012).  Post-hoc  comparisons  revealed  significantly  increa-sed 
body  weight  gain  for  PBL=500  +  graphite=:100  relative  to  controls.  Sunnuary  statistics  are 
presented  in  Table  2. 

3.2  Clinical  Chemistry 

An  overall  multivariate  main  effect  of  group  was  found  for  post-exposure  .sacrifice  animals 
(p  <  ,009)  but  not  following  recovery.  BUN  values  were  significantly  increased  in  post- 
expasure  PBL=250  +  graphite=100  (p  <  .021),  and  PBL=500  -I-  graphite=200  (p  <  .026) 
animals  relative  to  controls.  ALT  values  were  significantly  decreased  in  post-exposure 
PBL=500  -f  graphite=  100  (p  <  043),  and  PBL=1000  -t-  graphite=200  (p  <  .032)  animals 
relative  to  controls.  ALBG  values  were  .significantly  decreased  in  post-exposure  PBL=  1000  -l- 
graphite— 200  (p  <  020)  animals  relative  to  controls.  TP  values  were  significantly  decreased 
in  post-exposure  PBL=500  -1-  graphite=200  (p  <  .004),  and  PBL=1000  +  graphite=200 
(p  <  .004)  animals  relative  to  controls.  CK  values  were  significantly  increased  in  post¬ 
exposure  PBL=o00  -f-  graphite=200  (p  <  .026)  animals  relative  to  controls.  For  TBA 
values,  the  overall  F-statistic  approached  significance  (p  <  .065).  TBA  values  were  sig¬ 
nificantly  decreased  in  post-exposure,  PBL=500  -i-  graphite=100  (p  <  .025),  and  PBL=1000 
-F  graphite=200  (p  <  ,011)  animals  relative  to  controls,  and  approached  significance  for 
PBL=250  -f  graphite=100  (p  <  .054).  In  the  absence  of  a  significant  univariate  main  ef¬ 
fect,  however,  these  significant  post-hoc  comparisons  for  TBA  should  be  interpreted  with 
extreme  caution,  since  they  are  consistent  with  chance  expectations  at  the  5%  levcd.  CHOL 
values  were  significantly  decreased  in  post-exposure  PBL=500  -F  graphite-200  (;■  <  .001), 
and  PBL=1000  -F  graphite=200  (p  <  ,001)  animals  relative  to  controls.  CA  val  ucs  were 
significantly  decreased  in  post-exposure  PBL=250  -F  graphite=100  (p  <.  .036),  PBL=500 
-F  graphite=200  (p  <  .003),  and  PBL=1000  -F  graphite=200  (p  <  .010)  animals  relative 
to  controls.  Finally,  although  the  multivariate  test  wa.s  not  significant,  a  significant  uni¬ 
variate  statistic  was  found  for  recovery  sacrifice  PHOS  levels  in  PBL=1000  +  grapliite=200 
(p  <  .002)  animals  relative  to  controls.  This  result  is  consistent  with  chance  expectations 
as  indicated  by  the  nonsignificant  multivariate  result.  Summary  statistics  are  provided  in 
Table  3. 
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3.3  Hematology 

The  overall  niultivariate  main  effect  of  group  was  not  significant  for  either  post-exposure 
or  recovery  sacrifice  animals.  Univariate  test  statistics  were  significant  for  VVBC  levels 
(reported  under  Differentials)  and  decreased  values  of  PLT  were  found  for  post-exposure 
sacrifice  PBL=500  +  graphite='200  (p  <  .036)  animals  relative  to  controls.  This  result  is 
consistent  with  chance  expectations  as  indicated  by  the  nonsignificant  multivariate  result. 
Summary  statistics  are  displayed  in  Table  4. 

3.4  Differential  Counts 

An  overall  multivariate  main  effect  of  group  was  found  for  recovery  sacrifice  animals  (p  < 
.001)  but  not  for  post-exposure  sacrifice  animals.  Following  the  recovery  period,  WBC 
values  were  increased  in  PBL=250  +  graphite=100  (p  <  .010),  PBL=.500  +  graphite=100 
(p  <  .029),  PBL=500  -f-  graphite=200  (p  <  .001),  and  PBL=1000  -I-  graphite=200  (p  <  .001) 
animals  relative  to  controls.  Simdarly,  following  the  recovery  period,  NEUT  values  were 
increased  in  PBL=250  -1-  graphite=100  (p  <  .009),  PBL=500  +  graphite=100  (p  <  .001), 
PBL=500  -I-  graphite=200  (p  <  .001),  and  PBL=1000  -I-  graphite=?00  (p  <  .001)  animals 
relative  to  controls.  Summary  statistics  are  displayed  in  Table  5. 

3.5  Relative  Lung  to  Body  Weight  Ratios 

An  overall  multivariate  main  effect  of  group  was  found  for  post-exposure  sacrifice  animals 
(p  <  .001)  and  for  recovery  sacrifice  animals  (p  <  .001).  Following  the  exposure  period, 
relative  lung  weights  were  increased  in  PBL=250  +  graphite=100  (p  <  .005),  PBL=500 
•f  graphite=100  (p  <  .001),  PBL=500  +  graphite=200  (p  <  .001),  and  PBL=1000  -f 
graphite=200  (p  <  .001)  animals  relative  to  controls.  Similarly,  following  the  recovery  pe¬ 
riod,  relative  lung  weights  were  increased  in  PBL=250  +  graphite=100  (p  <  .001),  PBL=500 
-f  grapliite=100  (p  <  .001),  PBL=500  ■+  graphitc=200  (p  <  .001),  and  PBL=1000  -i- 
grapliite=200  (p  <  .001)  animals  relative  to  controls.  Summary  statistics  are  displayed 
in  Table  6. 

3.6  Pulmonary  Lavage 

An  overall  multivariate  main  effect  of  group  was  found  for  both  post-exposure  sacrifice 
animals  (p  <  .001)  and  recovery  sacrifice  animals  (p  <  001)  Following  the  exposure  period. 
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all  treated  groups  had  significantly  increased  viable  cells,  total  colls  and  lavage  fluid  protein 
(p  <  .001).  Percent  viable  cells  was  significantly  decreased  in  PBL=oU0  +  graphite=100 
(p  <  .002),  PBL=500  +  graphite=200  (p  <  .001),  and  PBL=1000  +  graphite=200  (p  < 
.001)  animals  relative  to  controls  and  approached  significance  for  PBL=2.iO  +  graphite=  100 
(p  <  .053).  Percent  macrophages  was  significantly  decreased  in  PBL=500  +  graphite=200 
(p  <  .001)  animals  relative  to  controls,  and  percent  neutrophils  was  significantly  increa.sed 
in  PBL=500  +  graphite=200  (p  <  .001)  animals  relative  to  controls. 

Following  the  recovery  period,  all  treated  groups  had  significantly  increased  viable  cells 
and  total  cells  (p  <  .001).  Lavage  fluid  protein  was  also  significantly  increa.sed  in  PBL=250  + 
graphite=100  (p  <  .002),  PBL=500  +  graphite=100  (p  <  .011),  PBL=.500  +  graphite=200 
(p  <  .003),  and  PBL=1000  +  graphite=200  (p  <  001)  animals  relative  to  controls.  Percent 
viable  cells  was  significantly  decreased  in  PBL=500  +  graphite=100  (p  <  .008),  PBL=500 
+  graphite=200  (p  <  .005),  and  PBL=1000  +  graphite=200  (p  <  .001)  animals  relative 
to  controls.  Percent  macrophages  wets  significantly  decreased  in  PBL=250  +  graphite=100 
(p  <  .001),  PBL=.500  +  graphite=100  (p  <  .006),  PBL=500  +  gtaphite=200  (p  <  .001). 
and  PBL=1000  +  graphite=200  (p  <  001)  animals  relative  to  controls,  and  percent  neu¬ 
trophils  was  significantly  increased  in  PBL=250  +  graphitc=100  (p  <  .001),  PBLsSOO 
+  graphite=100  (p  <  .011),  PBL=500  +  giaphite=200  (p  <  .001),  and  PBL=1000  + 
graphite=200  (p  <  .001)  animals  relative  to  controls.  .Summary  statistics  are  displayed 
in  Table  7. 

3.7  Food  Consumption 

Food  consumption  was  only  merisured  in  recovery  sacrifice  animals.  During  the  exposure  pe¬ 
riod,  no  significant  treatment-related  differences  in  food  consumption  were  ob.served.  During 
the  recovery  period,  however,  a  significant  overall  effect  (i.c.,  averaging  over  time  during  the 
recovery  period  (constant),  sec  Table  1)  was  observed  (p  <  .001).  Post-hoc  comparisons 
revealed  significantly  increased  food  consumption  averaging  over  the  recovery  period  for  all 
groups  relative  to  controls.  Inspection  of  the  summary  statistics  in  Table  8  reveal  that 
treated  animals  consumed  more  than  controls  during  the  recovery  period. 

3.8  Pulmonary  Function 

Given  the  large  number  of  end  points,  the  multivariate  statistics  have  limited  power.  The 
multivariate  statistic  was  significant  for  the  post-e-xposurc  .sacrifice  animals  (p  <  .036),  but 
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not  for  the  post-recovery  sacrifice  animals  (p  <  .366),  despite  consistent  significant  univari¬ 
ate  results  which  we  will  interpret  (see  Table  1).  Significant  trcatmenl-rolated  decreases  in 
pulmonary  function  were  observed  for  VC,  CPK,  CCHORD,  FVC,  FEV200,  and  FEV400  for 
both  post-exposure  and  post-recovery  sacrifice  animals  (see  Table  1).  Inspection  of  proba¬ 
bility  values  in  Table  1  and  summary  statistics  in  Table  0,  reveal  that  the  effect  is  increasing 
with  concentration  (but  almost  all  treatment  versus  control  comparisons  are  significant)  and 
is  significant  but  less  pronounced  following  the  recovery  period.  In  addition  TLC  levels 
were  significantly  decreased  in  all  treated  animals  relative  to  controls  following  the  exposure 
period  but  not  after  the  recovery  period. 

When  these  pulmonary  function  data  were  adjusted  for  body  weight,  the  results  were 
almost  identical  to  the  results  for  the  unadjusted  data.  In  general,  however,  probability 
values  were  somewhat  smaller,  all  treatment  groups  were  significantly  decreased  relative  to 
controls  for  the  previously  reported  measures,  and  all  post-exposure  sacrifice  animals  also 
exhibited  significantly  decreased  FEVlOO  levels  relative  to  controls,  hut  this  effect  was  not 
observed  following  the  recovery  period. 

4  Summary 

These  results  indicate  that  exposure  to  particularly  the  higher  concentrations  of  PBL  and 
graphite  produced  significant  changes  in  several  clinical  chemistry  end  points,  which  returned 
to  normal  levels  following  the  recovery  period.  In  addition,  e.vposure  to  all  exposure  com¬ 
binations  produced  significant  increases  in  relative  lung  weights  which  did  not  exhibit  any 
recovery.  WBC  and  NEUT  differential  counts  exhibited  significant  increases  in  all  expo¬ 
sure  groups  following  the  recovery  period  but  not  at  the  post-exposure  sacrifice.  Pulmonary 
lavage  measures  exhibited  consistent  differences  from  controls  for  all  treatment  groups,  and 
these  effects  did  not  exhibit  recovery.  Several  pulmonary  function  measures  exhibited  signif¬ 
icant  differences  from  control  for  all  treatment  groups,  the  majority  of  whicli  did  not  exhibit 
recovery  (i.e.,  VC,  CPK,  CCHORD.  FVC.  FEV200.  and  FEV400  did  not  exhibit  recovery, 
but  TLC  did).  Adjustment  for  body  weight  revealed  quite  similar  results,  with  the  addition 
of  a  significant  post-exposure  effect  for  FEVlOO  which  exhibited  recovery.  No  consistent 
exposure-related  effects  on  body  weight  or  food  consumption  were  observed. 
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TABLE  1 


SUMMARY  OF 


ISTICA 


SIGNIFICANT  RESULTS 


EXPOSURE  PERIOD 


GROUP 

M  I  3-1  I  4-1 


variable 


BODY  WT  GAIN 


CONSTANT 


LINEAR 


CLIN  CHEM 


BUN 


CREA 


ALP 


ALT 


ALBG 


TP 


CK 


TBA 


SDH 


GLU 


CHOL 


TRIG 


CA 


PHOS 


DIFF.  COUNTS 


WBC 


NRDC 


NEUT 


LYMPH 


MONO 


HEMATOLOGY 


WBC 


RBC 


HGB 


HCT 


MCV 


MCH 


MCHC 


PLT 


LUNG/BW 


lavage 


VIABLE 


TOTAL 


%  VIABLE 


i  MACRO 


%  NEUT 


PROTEIN 


VIABLE 


FOOD  CONSUMPTION 


CONSTANT 


LINEAR 


F  =  PROBABILITY  FOR  GROUP  MAIN  EFFECT 

2  -  1  =  PBL=2S0-t-GRAPHITE=100  -  CONTROL 

3  -  1  =  PBL=500-I-GRAPHITE=100  -  CONTROL 

4  -  1  =  PBL=500-eGRAPHITE=200  -  CONTROL 

5  -  1  =  PBL=1000-|-GRAPHITE=200  -  CONTROL 

.001-  =  SIGNIFICANT  DIFFERENCE  p  <  .001,  EXPOSED  <  CONTROL 
.001+  =  SIGNIFICANT  DIFFERENCE  p  <  .001,  EXPOSED  >  CONTROL 
.001  =  PROBABILITY  FOR  MULTIVARIATE  TEST 


RECOVERY  PERIOD 


GROUP 

2-1  I  3-1  I  4-1 


II 


.005+  .001+  .001+  .001  + 


.001+  .001+  .001+  .001  + 


.001+  .001+  .001+  .001  + 


.002-  .001-  .001- 


.001- 


,001  + 


.001+  .001  + 


.001  + 


.001+  .001  + 


.002 

.010+ 

.029+ 

.001  + 

.001  + 

.001 

.009+ 

.001  + 

.001  + 

.001+ 

.001  + 

.001  + 

.001  + 

.001  + 

.008- 

.005- 

.006- 

.001- 

.011  + 

.001  + 

.011  + 

.003+ 

.001  + 

.001  + 

.001  + 

.001  + 
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VARIABLE 


TLC 


RV 


DLCO 


VC 


CPK 


CCHORD 


FVC 


FEV50 


FEVlOO 


FEV400 


PEF 


FEF75 


FEF50 


5 


PF  ADJ  BW 


FVC 


FEV50 


FEVlOO 


FEV200 


FEV400 


PEF 


FEF75 


FEF50 


EXPOSURE  PERIOD 


GROUP 

F  I  2-1  I  3-1  I  4-1  I  5-1 


.030 


.007  I  .040-  I  .011-  I  .001- 


RECOVERY  PERIOD 


.007  I  .033- 


.002 


.001 


.012  I  .038- 


.010-  .001-  .002- 


.001-  .001- 


.004-  .001-  .001- 


.001-  I  .008- 


.004  I  .015-  I  .004-  I  .001-  I  .001- 


.010  .023-  .007-  .001-  .006- 


.015 


.006  .014- 


.001-  .002- 


.018 

.022- 

.026- 

.006 

.007- 

.011- 

.038 

.013- 

.015- 

.026 

.024- 

.001- 


.001- 


.006- 


049-  .002- 


.029-  .024- 


.022  .025-  .021- 


.006  .012- 


.003  .031- 


.001 


.008  .008- 


.001-  .002- 


.001-  .002- 


.002-  .001-  .001- 


.001- 


.010 


.005 


.028  .010-  .011- 


.013  .015-  .015-  .016 


PF  ADJ  BW  -  PULMONARY  FUNCTION  ADJUSTED  FOR  BODY  WEIGHT 
F  =  PROBABILITY  FOR  GROUP  MAIN  EFFECT 

2  -  1  =  PBL=250-|-GRAPHITE=100  -  CONTROL 

3  -  1  =  PBL=500-FGRAPHITE=100  -  CONTROL 

4  -  1  =  PBL=500-1-GRAPHITE=200  -  CONTROL 

5  -  1  =  PBL=1000-fGRAPHITE=200  -  CONTROL 


.022- 

1  .001- 

.011- 

1 

O 

q 

.011- 

1  .006- 

1  ,001- 

.011- 

O 

o 

o 

q 

.001-  =  SIGNIFICANT  DIFFERENCE  p  <  .001,  EXPOSED  <  CONTROL 
.001-^  =  SIGNIFICANT  DIFFERENCE  p  <  .001,  EXPOSED  >  CONTROL 
.001  =  PROBABILITY  FOR  MULTIVARIATE  TEST 
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TABLE  2 

•COT  WEICHT  CAIM  ANALYSIS  OT  ANIMALS  EXPOSED 
TO  AEROSOLS  OP  COMPLEX  MIXTURES 
M«tni,  SOt,  and  Nt  of  All  AnIwU  by  CrotR) 


I  GROUP  BUGS 

Control 

Man  12.85 

ad  2.aL 

n  AO 

^  PBL*'2S0  QraphItaalOO 

Man  11.75 

•d  3.76 

n  AO 

PBLbSOO  Craph<te«100 

$  Man  12.57 

ad  3.05 

n  AO 

PBLbSOO  Graphlto«200 

Man  9.87 

ad  9.20 

i  n  AO 

PBL'IOOO  Graph ita«200 

Man  9.A5 

ad  A. 12 

n  AO 


BU012 

•UC19 

BUG26 

BWG33 

•WCAO 

BUCA7 

39.05 

57.10 

TTM 

95.83 

110.50 

12A.28 

5.81 

8.39 

10.51 

12.71 

1A.72 

16.63 

AO 

AO 

AO 

AO 

AO 

AO 

38.08 

56.72 

78.A3 

95.68 

113.08 

128.02 

A. 77 

7.7A 

9.36 

11.18 

12.65 

13.74 

AO 

AO 

AO 

AO 

AO 

AO 

AO. 13 

59.65 

81.05 

99.30 

117.25 

131.62 

5.92 

8.14 

10.37 

12.57 

13.68 

15.42 

40 

40 

40 

40 

40 

40 

36.47 

57.63 

79.00 

95.90 

112.48 

12A.75 

11.11 

10.64 

11.99 

12.80 

14.12 

15.47 

40 

40 

40 

40 

AO 

AO 

35.65 

56.53 

76.10 

92.77 

107.65 

119.57 

6.2A 

8.52 

10.70 

12.66 

14.55 

15.07 

AO 

40 

AO 

AO 

AO 

AO 

» 


I 


I 


I 


I 
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TAtLE  2  •  Continued 

BCOY  WEIGHT  GAIH  AHALYSIS  0*  ANIMALS  EXPOSED 
T3  AEROSOLS  OF  COMPLEX  MIXTURES 
Meant,  SOt,  end  Ha  of  All  Anlealt  by  Grois) 


GROUP 

IWGS4 

IWG61 

MG68 

MQ75 

MIGa2 

IWG89 

Control 

tiean 

137.78 

151.85 

162.15 

174.78 

183.28 

194.53 

ad 

16.96 

18.64 

19.89 

20.41 

20.79 

21.69 

n 

40 

40 

40 

40 

40 

40 

PSLaESO  GratJhItaalOO 

nean 

143.65 

155.55 

167.65 

178.73 

186.72 

197.73 

ad 

14.75 

15.82 

16.25 

17.08 

19.59 

18.34 

n 

40 

40 

40 

40 

40 

40 

PSL>500  Graplitte«100 

mean 

148.45 

157.55 

171.85 

183.93 

189.78 

203.30 

ad 

17.40 

19.56 

18.45 

18.71 

20.58 

19.79 

n 

40 

40 

40 

40 

40 

40 

PBL-SOO  Graph lte«200 

mean 

141.07 

152.58 

163.05 

174.60 

183.27 

194.30 

ad 

16.91 

17.40 

18.01 

18.58 

20.00 

19.81 

n 

40 

40 

40 

40 

40 

40 

PSLalOOO  GraphitaaZOO 

mean 

135.07 

144.73 

155.38 

167.65 

177.53 

188.08 

ad 

15.83 

15.81 

16.30 

16.66 

17.82 

18.90 

n 

40 

40 

40 

40 

40 

40 
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TAILE  2  •  ContlniMd 

MOT  UEIGHT  GAIN  ANALYSIS  Of  ANIMALS  EXPOSED 
TO  aerosols  op  complex  mixtures 

Nttna,  SO*,  and  Ha  of  Racovtry  Anlaalt  by  Group 


CROUP 

SUG96 

SUQ103 

BUQ110 

8UG117 

8UG124 

BUG131 

Control 

■tan 

193.10 

201.25 

205.2S 

213.30 

220.60 

226.70 

ad 

19.28 

19.01 

20.36 

T9.78 

20.13 

21.03 

n 

20 

20 

20 

20 

20 

20 

PSL*2S0  Graph<to«100 

■tan 

199.80 

208.70 

216.35 

223.20 

233.20 

238.70 

ad 

U.72 

16.46 

16.95 

17.92 

18.53 

17.97 

n 

20 

20 

20 

20 

20 

20 

PSLaSOO  GraphitaalOO 

■tan 

207.95 

216.85 

223.05 

231.50 

238.95 

244.00 

ad 

22.20 

21.70 

21.74 

22.57 

23.84 

25.52 

n 

20 

20 

20 

20 

20 

20 

PBL>S00  Graph lta«200 

Man 

204.75 

214.60 

221.35 

230.00 

237.10 

243.80 

ad 

20.00 

20.80 

21.49 

23.18 

24.92 

23.74 

n 

20 

20 

20 

20 

20 

20 

PSLalOOO  Graphlta«200 

Man 

196.10 

208.00 

213.85 

223.15 

229.85 

236.10 

ad 

19.52 

20.96 

21.07 

21.60 

23.53 

24.27 

n 

20 

20 

20 

20 

20 

20 

PERIOD 


GROUP 


CREA 


CLU 


TARLE  S 

CLINICAL  CHEMISTRY  ANALYSIS  OF  ANIMALS  EXPOSED 
TO  AEROSOLS  OF  COMPLEX  MIXTURES 
Meant,  SOt,  and  Nt  for  Period  by  CroiRi 


CX  ALP  ALT 


Poot'Exp  Control 


TP 


Pott'Rec 


■Mn 

137.60 

300.60 

83.40 

id 

53.11 

32.67 

39.33 

n 

10 

10 

10 

PSLaESO  GropDItoalOO 

Min 

1S6.A0 

306.40 

83.80 

id 

SS.S4 

26.31 

42.00 

n 

10 

10 

10 

PBL«500  Gropliire«100 

■tan 

16A.S0 

299.00 

55.10 

Id 

82.62 

30.92 

12.96 

n 

10 

10 

10 

P8L«500  Graph lt««200 

■tan 

225.90 

300.40 

85.40 

ad 

135.63 

27.81 

48.56 

n 

10 

10 

10 

PSL'IOOO  Graph ite«200 

■tan 

95.20 

300.50 

53.20 

ad 

22.79 

26.51 

7.15 

n 

10 

10 

10 

Control 

awan 

155.70 

303.20 

79.50 

ad 

U1.5A 

36.61 

30.90 

n 

10 

10 

10 

PBL>2S0  Graphlte-100 

■tan 

122.10 

310.80 

74.20 

ad 

59.34 

22.05 

28.70 

n 

10 

10 

10 

PSL>S00  Graph! te^lOO 

■tan 

152.90 

301.80 

70.30 

ad 

129.47 

36.58 

21.86 

n 

10 

10 

10 

PBL*500  Graph IteaJOO 

■ean 

125.40 

287.80 

61.20 

ad 

80.75 

26.49 

19.75 

n 

10 

10 

10 

PtL-1000  CraphItfZOO 

■tan 

117.60 

307,40 

61.40 

ad 

51.83 

24.02 

11.88 

n 

10 

10 

10 

15.83 

.64 

189.61 

7.12 

1.75 

.08 

34.76 

.23 

10 

10 

10 

10 

• 

17.31 

.66 

157.07 

7.01 

1.05 

.08 

35.42 

.19 

10 

10 

10 

10 

15.62 

.64 

173.52 

7.14 

• 

1.37 

.06 

33.43 

.30 

10 

10 

10 

10 

17.29 

.69 

178.98 

6.81 

1.62 

.14 

40.79 

.26 

10 

10 

10 

10 

• 

16.76 

.62 

172.90 

6.81 

1.38 

.06 

53.07 

.13 

10 

10 

10 

10 

a 

17.27 

.73 

182.42 

7.19 

1.45 

.10 

37.60 

.23 

10 

10 

10 

10 

17.50 

.66 

165.84 

7.21 

a 

1.39 

.08 

23.02 

.25 

10 

10 

10 

10 

18.U 

.70 

160.81 

7.19 

1.77 

.06 

21.52 

.22 

10 

10 

10 

10 

a 

17.65 

.69 

173.75 

7.02 

1.68 

.07 

45.70 

.37 

10 

10 

10 

10 

a 

17.82 

.69 

155.45 

7.09 

1.65 

.06 

41.92 

.10 

10 

10 

10 

10 
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TMLE  S  •  ContIrvMd 

CLINICAL  CHEMISTRY  ANALYSIS  OF  ANIMALS  EXPOSED 
TO  AEROSOLS  OF  COMPLEX  MIXTURES 
N«ana,  »•,  and  Ha  for  Parlod  fay  Group 


PERIOD 


GROUP 

ALBG 

CNOL 

TRIG 

« 

TSA 

PHOS 

SON 

Control 

■aan 

4.27 

43.76 

183.78 

12.13 

21.81 

9.52 

56.51 

ad 

.12 

2.77 

29.63 

.52 

8.21 

1.31 

55.95 

n 

10 

10 

10 

10 

10 

10 

10 

PSL*250  Graph ItoalOO 

min 

4.24 

42.88 

188.30 

11.75 

16.28 

8.29 

49.35 

%4 

.15 

4.54 

U.72 

.35 

4.51 

1.16 

34.07 

n 

10 

10 

10 

10 

10 

10 

10 

PBL«S00  GraphItoalOO 

miftn 

4.29 

41.06 

176.61 

12.03 

15.18 

8.64 

26.85 

td 

.16 

2.19 

27.39 

.30 

2.10 

.67 

11.51 

n 

10 

10 

10 

10 

10 

10 

10 

PBLaSOO  Graph ItoaZOO 

Man 

4.17 

38.21 

180.52 

11.59 

20.09 

8.52 

61.52 

td 

.13 

3.95 

24.24 

.28 

10.69 

1.82 

54.49 

n 

10 

10 

10 

10 

10 

10 

10 

PBLalOOO  Graph! taaZOO 

Man 

4.12 

38.33 

178.04 

11.66 

14.64 

9.01 

24.69 

ad 

.15 

2.58 

42.70 

.41 

2.86 

1.32 

7.27 

n 

10 

10 

10 

10 

10 

10 

10 

Control 

Mtn 

4.41 

47.17 

168.02 

11.79 

20.67 

7.78 

43.65 

td 

.13 

S.SO 

21.34 

.38 

7.53 

1.28 

26.69 

n 

10 

10 

10 

10 

10 

10 

10 

PBLa2S0  Graph! taalOO 

Min 

4.34 

45.77 

171.68 

11.88 

15.79 

7.05 

38.58 

td 

.15 

3.53 

18.66 

.23 

3.98 

.68 

22.93 

n 

10 

10 

10 

10 

10 

10 

10 

PBLaSOO  Graph! taalOO 

Man 

4.31 

45:22 

162.31 

11.73 

16.00 

6.97 

36.39 

td 

.14 

5.9; 

25.27 

.25 

4.42 

.95 

20.60 

n 

10 

10 

10 

10 

10 

10 

10 

PBLaSOO  Graph! taa200 

Mtn 

4.21 

44.80 

169.86 

11.60 

16.95 

7.58 

27.63 

td 

.24 

3.43 

27.74 

.41 

6.98 

1.46 

20.81 

n 

10 

10 

10 

10 

10 

10 

10 

PBl-TOOO  Graph! taa200 

Man 

4.34 

43.19 

161.66 

11.63 

15.52 

6.31 

28.68 

ad 

.10 

3.68 

15.10 

.78 

1.64 

.92 

9.99 

n 

10 

10 

10 

10 

10 

10 

10 

KKIGO  QMUP 

Pott-Exp  Control 

Min 

•d 

n 

PIL-2S0  OraphitMlOO 

•nn 

td 

n 

P(L*S00  Groph1to>100 

Man 

•d 

n 

PBLaSOO  Graphita«200 

Man 

ad 

n 

PBlalOOO  GraphIttaSOO 

Man 

ad 

n 

Poat*BK  Control 

Man 

ad 

n 

PBl«2S0  Graph itaal 00 

Man 

ad 

n 

PBL«500  GraphltaalOO 

Man 

ad 

n 

PBLaSOO  Graph! taaZOO 

Man 

ad 

n 

PBLatOOO  Graph  itaa200 

Man 

ad 

n 


TABLE  4 

MENATOLOCT  ANALYSIB  OF  ANIMLB  EXPOSED 
TO  AEKOSOLB  OF  COMPLEX  NIXTUBEB 
Naana,  SOa,  and  Na  for  Parlod  by  Grot^ 


WIC  BBC  HGI  NCT 


8.U  9.12  U.16  U.90 

1.48  .42  .S2  2.10 

10  10  10  10 


8.38  9.01  IS. 78  U.SO 

1.54  .39  .51  1.97 

10  10  10  10 


8.42  9.17  14.14  U.87 

1.04  .34  .4S  1.85 

10  10  10  10 


8.78  9.13  14.00  U.84 

1.44  .18  .54  .77 

9  9  9  9 


9.47  8.^  15.41  43.34 

.98  .44  .44  2.00 

10  10  10  10 


7.41  8.72  15.70  43.40 

1.04  .21  .32  .95 

10  10  10  10 


8.75  8.89  15.87  U.15 

,87  .37  ,50  1.72 

10  10  10  10 


8.40  8.83  15.79  43.91 

.73  .19  .a  1.10 

8  8  8  8 


9.31  8.43  15.49  42.94 

1.25  .38  .44  1.80 

9  9  9  9 


9.34  8.89  15.85  43.97 

1.11  .25  .a  1.48 

10  10  10  10 


NCV  MCM  NCHC  PLT 


49.23  17.73  34.01  781.70 

.54  .41  .74  34.72 

10  10  10  10 


49.17  17.53  35.44  782.20 

.54  .39  .  74  51.27 

10  10  10  10 


48.95  17.42  34.31  803.40 

.48  .  45  .  87  28.84 

10  10  10  10 


49.13  17.53  35.49  739.11 

.51  .54  1.00  48.70 

9  9  9  9 


49.03  17.44  34.02  749.10 

.38  .33  .  42  34.44 

10  10  10  10 


50.00  18.01  34.02  771.50 

.52  .32  .35  47.48 

10  10  10  10 


49.45  17.84  35.94  773.80 

.52  .41  .44  39.28 

10  10  10  10 


49.72  17.88  35.95  747.00 

.42  .23  .31  45.22 

8  8  8  8 


49.74  17.94  34.08  793.89 

.37  .17  .35  54.41 

9  9  9  9 


49.48  17.83  34.04  749.50 

.50  .24  .39  38.20 

10  10  10  10 


TABLE  5 

HEMATOLOGY  DIFFERENTIAL  COUNT  ANALYSIS  OF  ANIMALS  EXPOSED 
TO  AEROSOLS  OF  COMPLEX  MIXTURES 
Means,  SOs,  and  Ns  for  Period  by  Group 


PERIOD  GROUP 


Post -Exp  Control 


PBL=250  Graph! te=100 


PBL=500  Graph! te^lOO 


PBL=500  Graph ite=200 


PBLsIOOO  Graph ite=200 


Post-Rec  Control 


PBL=250  Graph! tesTOO 


PBL-500  Graphite® 100 


PBL®S00  Graphite=200 


PBL-1000  Graphlte®200 


I 


TABLF  6 

LUNG/800Y  WEIGHT  ANALYSIS  OF  ANIMALS  EXPOSED 
TO  AEROSOLS  OF  COMPLEX  MIXTURES 
M«an(,  SOc,  and  Ns  for  Psriod  by  Grcx^) 


PERIOD 

CROUP 

LUNG/BW 

Post-Exp 

Control 

Man 

.63 

sd 

.U 

n 

PSL*2S0  GraphItealOO 

10 

Man 

.73 

ad 

.07 

n 

PBL*500  GraphitealOO 

10 

Man 

.62 

ad 

.06 

n 

PBL>SOO  Graph! te>200 

10 

Man 

.87 

ad 

.07 

n 

PBL«1000  Graph! te*200 

10 

Man 

.8S 

sd 

.0$ 

n 

10 

Post-Roc 

Control 

Man 

.56 

sd 

.08 

n 

PBL«290  Graph! tealOO 

10 

Man 

.70 

ad 

.06 

n 

PBLaSOO  Graph  itoalM 

10 

Man 

.77 

sd 

.12 

n 

PBLaSOO  Graph itoa200 

10 

Man 

.82 

sd 

.08 

n 

PBLalooO  Graph! tea200 

10 

TABLE  7 

PULMONARY  LAVAGE  ANALYSIS  OF  ANIMALS  EXPOSED 
TO  AEROSOLS  OF  COMPLEX  MIXTURES 
Means,  SOs,  and  Ns  for  Period  by  Group 


PERIOD 


Post-Exp 


Post-Rec 


GROUP 

TOTAL 

TOTAL 

X 

X 

X 

X 

X 

VIABLE 

CELLS 

CELLS 

VIABLE 

CELLS 

MACRO¬ 

PHAGES 

LYMPHO 

CYTES 

NEUTRO 

PHILS 

OTHER 

Control 

mean 

2.24 

2.26 

98.64 

99.70 

.30 

0.00 

0.00 

sd 

.75 

.75 

2.24 

.67 

.67 

0.00 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBL=250  Graph ite=100 

mean 

9.20 

9.66 

95.59 

91.80 

0.00 

8.20 

0.00 

sd 

3.85 

4.12 

3.12 

19.11 

0.00 

19.11 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBL=500  Graph! te=100 

mean 

8.19 

8.74 

93.57 

92.70 

0.00 

7.30 

0.00 

sd 

1.30 

1.27 

3.63 

16.14 

0.00 

16.14 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBL=500  Graph! te=200 

mean 

10.04 

10.93 

92.75 

73.90 

.5C 

25.60 

0.00 

sd 

2.10 

2.71 

4.90 

22.85 

1.27 

22.01 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBL«1000  Graph! te<200 

mean 

9.26 

10.02 

92.87 

88.30 

0.00 

11.70 

0.00 

sd 

2.26 

2.62 

2.67 

12.20 

0.00 

12.20 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

Control 

mean 

1.68 

1.73 

96.99 

99.50 

.20 

.30 

0.00 

sd 

.48 

.49 

2.51 

.85 

.42 

.67 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBL=250  Graph! te=100 

mean 

7.27 

7.70 

94.84 

77.10 

0.00 

22.90 

0.00 

sd 

1.44 

1.67 

2.49 

10.48 

0.00 

10.48 

o.oc 

n 

10 

10 

10 

10 

10 

10 

10 

PBL>500  Graph! te=100 

mean 

7.38 

7.88 

93.86 

84.90 

1.70 

13.40 

0.00 

sd 

.95 

1.15 

2.11 

13.55 

5.38 

12.19 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBLsSOO  Graph! te=200 

mean 

8.24 

8.81 

93.68 

75.20 

0.00 

24.80 

0.00 

sd 

1.96 

2.19 

2.31 

8.47 

0.00 

8.47 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

PBLsIOOO  Graph! te-200 

mean 

8.15 

8.79 

92.87 

81.80 

0.00 

18.20 

0.00 

sd 

2.15 

2.38 

3.00 

16.77 

0.00 

16.77 

0.00 

n 

10 

10 

10 

10 

10 

10 

10 

LAVAGE 

FLUID 

PROTEIN 


177.97 

63.59 

10 


426.17 

110.12 

10 


483.50 

143.89 

10 


523.00 

88.40 

10 


501.64 

71.58 

10 


255.27 

198.39 

10 


463.59 

173.79 

10 


423.03 

106.79 

10 


451.09 

106.52 

10 


545.53 

88.08 

10 


TABLE  8 

rOGD  consumption  analysis  or  animals  EXPOSO) 

TO  AEROSOLS  Of  COMPLEX  MIXTURES 
M«ant,  SOi,  and  Nt  of  Rccevory  AnlnoU  Only  by  Cret^ 
W««ko  1  •  10 


GROUP 

fCI 

fC2 

FC3 

FU 

FC5 

FC6 

FC7 

FC8 

FC9 

FC10 

a 

1 

Control 

Man 

19.06 

19.06 

20.07 

21.48 

21.94 

20.88 

21.24 

20.87 

20.82 

21.07 

! 

•d 

1.57 

1.A9 

1.52 

1.77 

1.57 

1.61 

.90 

1.43 

1.47 

1.82 

n 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

a 

P8Lb250  GraphIttalOO 

mean 

18.99 

18.77 

20.82 

21.33 

22.31 

20.51 

21.36 

21.81 

21.85 

20.98 

ad 

1.83 

1.18 

1.68 

1.84 

2.11 

2.00 

1.31 

1.25 

1.11 

1.22 

n 

10 

10 

10 

10 

9 

9 

10 

10 

10 

10 

i 

PBLaSOO  GraphItealOO 

mean 

18.58 

19.04 

20.97 

21.01 

20.88 

20.56 

20.05 

20.97 

20.86 

21.45 

a 

ad 

1.31 

1.36 

1.62 

1.83 

1.59 

1.77 

1.46 

1.68 

1.92 

2.45 

1 

n 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 

P8L*S00  Graph)  tM200 

mean 

19.00 

18.83 

20.58 

21.69 

22.83 

20.11 

20.25 

21.38 

21.93 

20.86 

• 

ad 

1.15 

1.33 

1.05 

1.38 

1.09 

1.60 

1.52 

1.92 

1.46 

1.07 

n 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 

! 

5 

PeL>1000  Graph {ta>200 

mean 

17.65 

18.11 

19.83 

20.87 

21  .U 

19.79 

19.82 

21.55 

20.73 

20.70 

ad 

2.58 

2.10 

2.23 

2.39 

2.05 

2.46 

2.27 

2.16 

1.58 

2.39 

n 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

a 

: 

« 


Control 


P6L>2S0  GrsphltealOO 


PBL*S00  GrsphItealOO 


PBL-SOO  Craphlt««200 


TABLE  8  *  Continuod 

TOGO  CtWSUNPTION  ANALYSIS  Of  ANINALS  EXPOSED 
TO  AEROSOLS  Of  COMPLEX  MIXTURES 
Ntant,  SOt,  and  Ht  of  Rocovory  AniMit  Only  Grotp 
Wookt  11  •  19 


PBL»1000  Graphlte*200 


TAB1.C  9 

PULMONAKY  rUNCTtOH  AKALYSIS  OF  ANIHALS  EXPOSED 
TO  AEROSOCS  Of  COMPLEX  MIXTLPRES 
M*«ni,  SOt,  and  Nt  for  Poriod  by  Grocp 


PERIOD 

GROUP 

Tie 

RV 

OLCO 

VC 

CPK 

CCHORO 

FVC 

Post -Exp 

Control 

•eon 

11.74 

.87 

.17 

10.88 

1.18 

.70 

11.36 

•d 

.91 

.10 

.02 

.84 

.12 

.07 

.98 

n 

S 

8 

8 

8 

8 

8 

8 

PBL-2S0  Gra^ttMlOO 

mtn 

10.72 

.77 

.16 

9.95 

1.05 

.62 

10.34 

$d 

1.17 

.30 

.02 

.95 

.13 

.08 

.86 

n 

0 

8 

8 

8 

8 

8 

8 

PBt«500  GriphltMlOO 

■ton 

10.3S 

.63 

.16 

9.72 

.98 

.60 

10,07 

id 

.43 

.26 

.01 

.49 

.05 

.03 

.72 

n 

7 

7 

7 

7 

7 

7 

7 

PBLbSOO  Graph it«B200 

■tan 

9.94 

.61 

.14 

9.34 

.93 

.57 

9.80 

ad 

.48 

.23 

.01 

.43 

.06 

.03 

.52 

n 

8 

8 

8 

8 

8 

8 

8 

PBLalOOO  Graphitt«200 

■tan 

10.23 

.68 

.15 

9.54 

.98 

.59 

10.15 

ad 

1.44 

.36 

.02 

1.18 

.20 

.07 

1.12 

n 

8 

8 

8 

8 

8 

8 

8 

Pott-Roc 

Control 

■tan 

12.05 

.93 

.17 

11.04 

1.19 

.70 

11.47 

ad 

.89 

.41 

.01 

.59 

.11 

.05 

.77 

n 

7 

7 

7 

8 

8 

8 

8 

PBLb250  Graphltt-lOO 

■tan 

11.20 

1.03 

.16 

10.02 

1.02 

.62 

10.33 

ad 

.67 

.24 

.01 

.63 

.07 

.04 

.72 

n 

6 

6 

6 

a 

8 

8 

8 

PBLnSGO  Graphltt>100 

■tan 

10.87 

.68 

.15 

10.26 

1.04 

.62 

10.58 

td 

.30 

.26 

.01 

M 

.09 

.05 

.47 

n 

6 

6 

6 

7 

7 

7 

7 

PBL>500  Graph fttB200 

■tan 

11.50 

1.08 

.16 

10.43 

1.07 

.65 

10.72 

•d 

.98 

.59 

.02 

.80 

.11 

.05 

.95 

n 

8 

8 

8 

8 

8 

8 

8 

PBLbIOOO  Graph{ta>200 

■tan 

11.30 

1.50 

.15 

9.80 

,99 

.62 

10.12 

ad 

1.38 

1.18 

.03 

.80 

.07 

.06 

.83 

n 

7 

7 

7 

8 

8 

8 

8 

TAILE  9  •  Conti nu«d 

PULMONARY  FUNCTION  ANALYSIS  OF  ANIMALS  EXPOSED 
TO  AEROSOLS  OF  COMPLEX  MIXTURES 
Means,  SOI,  aixl  Ms  for  Period  by  Groifi 


PERIOD  GROUP 

Post'Exp  Control 

■esn 

sd 

n 


FEV50  FEV100  FEV200  FEVAOO 


PSLaESO  GraphItealOO 


man 

sd 

n 


PBLaSOO  GraphItealOO 


man 

sd 

n 


PBLaSOO  Gra^lte-ZOO 


man 

sd 

n 


PBLalOOO  Grspbltea200 


man 

sd 

n 

Post-Rec  Control 


sd 

n 

PBL'ZSO  Graphlte-lOO 


sd 

n 

PBLaSOO  GrapiiitealOO 


sd 

n 

PBLaSOO  GrsphlteaZOO 

msn 

sd 

n 

PBLalOOO  Grsphltea200 

ewsn 

ad 

n 


4.63 

.55 

8 


4.33 

.S2 

8 


4.33 

.33 

7 


4.2S 

.48 

8 


4.04 

.39 

8 


4.64 

.37 

8 


4.49 

.51 

8 


4.33 

.30 

7 


4.43 

.58 

8 


4.67 

.52 

8 


8.39 

.86 

8 


7.77 

.90 

8 


7.64 

.32 

7 


7.44 

.42 

8 


7.49 

.50 

8 


8.57 

.61 

8 


7.95 

.70 

8 


7,87 

.37 

7 


8.03 

.89 

0 


8.03 

.55 

8 


10.60 

.93 

8 


9.65 

.87 

8 


9.43 

.53 

7 


9.18 

.42 

8 


9.31 

.72 

8 


10.77 

.46 

8 


9.70 

.80 

8 


9.95 

.36 

7 


10.01 

.86 

8 


9.58 

.72 

8 


11.14 

.94 

8 


10.14 

.88 

8 


9.88 

.67 

7 


9.61 

.47 

8 


9.92 

1.07 

8 


11.23 

.55 

8 


10.10 

.77 

8 


10.36 

.41 

7 


10.44 

.91 

8 


9.95 

.77 

8 


PEF 


153.94 

12.73 

8 


1U.42 

13.05 

8 


145.50 

14.27 

7 


145.21 

16.11 

8 


138.88 

9.63 

8 


158.64 

18.95 

8 


156.09 

23.17 

8 


148.32 

13.48 

7 


151.82 

20.63 

8 


155.12 

20.65 

8 


FEF75  FEFSO  FEF2S 


145.19 

23.29 

8 


136.45 

24.78 

8 


142.80 

15.63 

7 


137.93 

20.04 

8 


127.33 

16.50 

8 


151.56 

16.57 

8 


150.71 

22.71 

8 


145.97 

13.95 

7 


145.40 

23.54 

8 


154.71 

20.63 

8 


92.52 

17.33 

8 


95.32 

23.17 

8 


82.69 

15.94 

7 


86.07 

17.72 

8 


88.30 

20.57 

8 


100.70 

21.17 

8 


92,17 

15.69 

8 


85.47 

12.60 

7 


88.27 

14.65 

8 


102.33 

21.57 

8 


55.70 

8.70 

8 


48.43 

6.45 

8 


49.52 

5.98 

7 


48.23 

6.20 

8 


51.82 

7.70 

8 


56.92 

10.97 

8 


51.62 

9.82 

8 


53.02 

3.52 

7 


51.41 

10.36 

8 


56.03 

8.42 

8 


PART  TWO 
ATTACHMENT  2 


LIST  OF  ABBREVIATIONS 


ATTACHMENT  2 


Abbreviations 


ALBG 

ALP 

ALT 

ANOVA 

BASO 

BUN 

BWG 

CA 

CCHORD 

CHOL 

cm 

CK 

CPK 

CREA 

DLCO 

EOS 

FC 

FEF75 

FEF50 

FEF25 

FEV50 

FEVlOO 

FEV200 

FEV400 

FVC 

GLU 

Graphite 

HCT 

HGB 

LMNEU 

LUNG/BVV 

LYMPH 

MACRO 

MCH 

MCHC 

MCV 

MONO 

N 

NEUT 

NEUT 

NRBC 

OTHER 

PBL 

PEF 

PHOS 


albumin  (grams/deciliter  serum) 

alkaline  phosphatase  (international  units/liter 

senim) 

alanine  aminotransferase  (international  units/liter  serum) 
analysis  of  variance 

basophils  (thousands  of  cells/cubic  millimeter  blood) 
urea  nitrogen  (milligrams  nitrogcn/decilitcr  serum) 

body  weight  gain  in  grams  (body  weight  on  indicated  study  day  -  body  weight  at 
study  initiation) 

calcium  (milligrams/deciliter  scrum) 

compliance  (tangent)  at  0  to  10  cm  HjO  (ml/cm  HjO) 

cholesterol  (milligrams/deciliter  serum) 

centimeter 

creatine  kinase  (international  units/liter  serum) 

peak  compliance  (ml/cm  H^O) 

creatinine  (milligrams/deciliter  scrum) 

diffusion  capacity  for  carbon  monoxide  (ml/min*torr) 

eosinophils  (thousands  of  cclls/cubic  millimeter  blood) 

average  daily  food  consumption  for  indicated  week  (grams) 

forced  expiratory  flow  at  75%  of  remaining  FVC  (ml/scc) 

forced  expiratory  flow  at  50%  of  remaining  FVC  (ml/scc) 

forced  expiratory  flow  at  25%  of  remaining  FVC  (ml/sec) 

forced  expiratory  volume  at  50  msec  of  expiration  (ml  @  50  msec) 

forced  expiratory  volume  at  lOO  msec  of  expiration  (ml  @  100  msec) 

forced  expiratory  volume  at  200  msec  of  expiration  (ml  @  200  msec) 

forced  expiratory  volume  at  400  msec  of  expiration  (ml  @  400  msec) 

forced  vital  capeity  (ml) 

glucose  (milligrams/deciliter  serum) 

graphite  aerosol  exposure  concentration  (mg/m’) 

hematocrit  (percent) 

hemoglobin  (grams/deciliter  blood) 

immature  neutrophils  (thousands  of  cells/cubic  millimeter  blood) 

lung  to  body  weight  ratio  (x  100) 

lymphocytes  (thousands  of  cclls/cubic  millimeter  blood) 

macrophages  (percent  pulmonary  lavage  cells  counted) 

mean  corpuscular  hemoglobin  (picograms) 

mean  corpuscular  hemoglobin  concentration  (percent) 

mean  corpuscular  volume  (cubic  microns) 

monocytes  (thousands  of  celk/cubic  millimeter  blood) 

number 

neutrophils  (thousands  of  cells/cubic  millimeter  hlootl) 

neutrophib  (percent  pulmonary  lavage  cells  counted) 

nucleated  red  blood  cclb  (thousands  of  cclls/cubic  -  millimeter  blood) 

cells  other  than  macrophages,  lymphocytes,  neutrophils  (percent  pulmonary  lavag 

cells  counted) 

petroleum-based  liquid  (fog  oil)  exposure  concentration  (mg/m’) 
peak  expiratory  flow  (ml/sec) 

inorganic  phosphate  (milligrams  phosphate/deciliter  serum; 


PLT 

Post-Exp 

Post-Rec 

PROTEIN 

RBC 

RV 

SD 

SDH 

TBA 

TLC 

TP 

TRIG 

VC 

WBC 


platelet  count  (thousands  of  cells/cubic  millimeter  blood) 

post-exposure 

post-recovery 

lavage  fluid  protein  (micrograms/milliliter) 

red  blood  cell  count  (millions  of  cells/cubic  millimeter  blood) 

residual  volume  (ml) 

standard  deviation 

sorbitol  dehydrogenase  (international  units/liter  serum) 

total  bile  acids  (micromoles/liter  serum) 

total  lung  capacity  (ml) 

total  protein  (grams  protein/dcciliter  serum) 

triglycerides  (milligrams/decilitcr  serum) 

vital  capacity  (ml) 

white  blood  cell  count  (thousands  of  cells/cubic  millimeter  blood) 
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